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Philips portable 
Macrotank ‘D’ 
X-Ray Units are now 
in use on the inspection 
of site welding 
at Dounreay 
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PHILIPS 


Welded joints in this stainless steel pipework for 


liquid metal heat exchangers are here being 
inspected to extremely high standards with 
Philips X-Ray equipment. The heat exchangers, 
together with all liquid metal circuits, and 
principal vessels, are under construction by 

John Thompson Limited, Wolverhampton, for the 
U.K. Atomic Energy Authority’s first full-scale 


breeder station at Dounreay, Caithness. 


Philips manufacture a wide range of X-Ray 
equipment suitable for non-destructive weld testing on 
nuclear reactor installations. 


Please write for further details 


PHILIPS ELECTRICAL LTD 


RESEARCH & CONTROL INSTRUMENTS DIVISION 
Century House * Shaftesbury Avenue * London * W.C.2 
Telephone: GERrard 7777 


Non-destructive 
weld testing for 
nuclear plant with 


X-Ray Equipment 
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known for their Design, Precision ond Quolity for more than 80 years. 
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JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz - Germany 
Telephone 3881 Cable: Erhardarmoturen 





For all information write to: 


The Sole Agents for the United Kingdom 


A.K. STARCK’S CO. LT D. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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INSTRUMENTATION 


Pulse Height Analyser type PHA.2 for sorting a complex 
pulse amplitude spectrum into groups of known height. A 
random sample of up to 1250 p.p.s. can be analysed into 100 
channels, each capable of counting more than 16,000 pulses, 
or into 70 channels of more than 1,000,000 pulses. 





Sunvic Controls Limited can offer complete monitor- 
ing and control systems for nuclear reactors, including 
instruments for burst slug detection apparatus, flux 
measurement and heat exchanger control. We are 
already engaged in instrumentation for Berkeley and 
for three research reactors. 


A typical display pattern for PHA.2 in the 70 channel condition 
is illustrated below. Dimensions and technical specifications 
are contained in Data Sheet No. 13, which is available on request. 
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Not only instruments but complete intburmentation 


for integrated monitoring, control and data handling of nuclear reactors and industrial processes 





SUNVIC CONTROLS LIMITED - P.O. BOX 1 - HARLOW ~- ESSEX - Telephone: Harlow 24231/5 An A.E.I. Company 
SC/57 
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ohaping 
the Future 











Skill doesn’t come easily. It has taken more 
than 12 years of close association with 

the development of Atomic Energy for Marstons 

to build up the specialized technical knowledge 
they possess in this field. Marston Excelsior, 

from the start, have been among the foremost 
suppliers of specialized equipment to the U.K.A.E.A. 
— equipment for the first large-scale diffusion 
plant in this country; plate type fuel elements 

for the research reactors Dido, Lido and Dimple; 
stainless steel gas coolers for Calder Hall. It 

is this past experience that is helping Marstons 


to shape the future with such precision. 


MARSTON EXCELSIOR LIMITED 
Fordhouses, Wolverhampton 


(A subsidiary of Imperial Chemical Industries Limited 


MAR. 193A 
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BRITISH OXYGEN serves the interests 
of nuclear progress and research— 


particularly in oitemetace mee 


ARGON WELDING 


QD British Oxygen Gases Limited, Industrial Division, Spencer House, 27 St. James’s Place, London, S.W.1 


NUCLEAR POWER SEPTEMBER 1957 as 















RADIO ACTIVE DUST 





Mancuna have spent two years in the laboratory producing 


and perfecting a mechanical collector capable of meeting the 


stringent requirements of nuclear power stations. 


DUST COLLECTORS FOR 
co, BY PASS CIRCUIT 
CO, RELIEF VALVE DISCHARGE 


co, BLOW DOWN & SLACK COLLECTORS 
CoO, DRIERS 


AIR FILTERS FOR THERMAL COOLING 


ENGINEERING LTD., DENTON, MANCHESTER 
Phone : DENTON 3965 (5 lines) 


59 VICTORIA ROAD, SURBITON, SURREY. 


Phone: Elmbridge 9793 
HEATING - VENTILATING - FILTRATION ~- AIR CONDITIONING - 


HUMIDITY CONTROL - ETC. 





Ab 





NUCLEAR POWER SEPTEMBER 1957 








FOR A COMPLETE 
PRECISION AND PROTOTYPE 
NUCLEAR ENGINEERING SERVICE 


@ CONSULTING 
ENGINEERS 


@ DESIGNERS AND 
MANUFACTURERS 
OF NUCLEAR AND 
SPECIFIC PROTOTYPE 
EQUIPMENT 


@ REMOTE 
MANIPULATING 
EQUIPMENT 





; ; . @ VACUUM CASTING 
ScaLe weer EQUIPMENT 





VACUUM PLANT WITH CONTROLS FOR 
MELTING AND CASTING PROCESSES @® HIGH VACUUM 
EQUIPMENT 


@ ELECTRONIC 
ENGINEERS 


@ RADIO FREQUENCY 
ENGINEERS 


@ LOW TEMPERATURE 
REFRIGERATION 


@ INSTALLATION 
CONTRACTORS 








ARGON GAS PURIFICATION PLANT 


WESTERN DETAIL MANUFACTURERS LTD. 
WESTERN WORKS, STAPLE HILL, BRISTOL 


Cables and Telegrams: Aries, Bristol, England 
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Corner of shield built from bricks of the 
4” chevron type range showing window apertures 
and spherical seatings for remote handling gear. 


Wall composed of 4” 


standard chevron type bricks 





LEAD SHIELDING 


Some of the lead bricks we supplied to the 


United Kingdom Atomic Energy Authority 


are shown in these photographs. The people ASSOGIATED LEAD 


to consult about the production of special — 
associar 
a) = MANUFACTURERS LIMITED 


shapes for shielding are Associated Lead. 


IBEX HOUSE, MINORIES, LONDON, E.C.3. 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE, CHESTER 


Export enquiries to: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., IBEX HOUSE, MINORIES. LONDON, E.C.3 
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High and low power neutron flua 
in the Dounreay Fast Reactor 

ill be indicated and recorded by this 
Electronik instrument. Thirty-six 
thers have been specified for critical 


variables throughout the reactor. 
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anil for neutronfflux 


his model number defines one of thirty-seven Electronik 
instruments specially built for Dounreay, the U.K’s 
first large scale fast breeder reactor. The instrument 


will indicate and record critical variables including: 


Temperatures Doubling time 
throughout the reactor Thermal power 

Coolant flow rate Linear power level 

Neutron flux Linear power drift 


Of the specifications received from U.K.A.E.A, many were unusual, 
most were unique. But each could be precisely 

defined by a Honeywell model number, each was anticipated by 
Honeywell's unique experience in reactor instrumentation. 

Advice and literature is always freely available from Honeywell-Brown Ltd. 

1 Wadsworth Road, Perivale, Middleser. Telephone Perivale 5691. 


Offices in the principal cities of the United Kingdom and throughout the world. 


Honeywell 


BROWN INSTRUMENTS 
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In the construction of the Fast Breeder Reactor at the 
atomic power station at Dounreay, ‘ROCKSIL’ is the chosen 
insulator. ‘ROCKSIL’ is being used for the insulation 

of the main and auxiliary equipment including heat exchangers, 
tanks and piping. The installation is being carried out by 
William Kenyon & Sons Limited, who obtained the contract. 


ROCK WOOL INSULATION 


ROCKSIL’ is the latest synthetic inorganic fibre, produced in 

Britain from natural Scottish Rock. The basis of all 

Rocksil Insulation is a white fleecy wool—a low-density, resilient 

mass of long siliceous fibres consisting of up to 95% of air by 

volume. Besides being a highly efficient insulator throughout all 
temperature ranges up to 1400°F., “ROCKSIL’ is fire resistant, 
chemically inert and sulphur-free, non-hygroscopic, odourless and rot- 
proof; it does not contain glass or slag. It is available in a 

variety of forms, such as loose wool or fabricated products, 

to suit every application requirement. 


Write for literature and all further details to the manufacturers: 


and at Glasgow: 217, Bothwell Street, Glasgow. Telephone: Central 2175. 
Manchester: National Buildings, St. Mary’s Parsonage, Manchester, 3. Telephone: Deansgate 6016-7-8 
Birmingham: |!, Waterloo Street, Birmingham, 2. Telephone: Midland 6565-6-7. 


Dounreay uses RO Cc KS 4 L im 


THE CAPE ASBESTOS COMPANY LIMITED, 114 & 116, Park Street, London, W.1. Tel: Grosvenor 6022. 


also distributed by WILLIAM KENYON & SONS LTD., Dukinfield, Cheshire. Telephone: Ashton-under-Lyne 1614. 
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See us on Stand 13 
Row AA, Ist floor 
Empire Hall Olympia 
August 29-Sept. 12 


TA10362 
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By reason of their low rate of flame propagation, large 


volumes of fuel gases such as Propane, Pyrogas, etc., can be 





safely mixed with Oxygen without the danger of the flame 
back-firing. The larger the volume of gases mixed, the 
greater the flame and the resulting heat value. The new 
B.I.G. PROPANE Heating Torch uses this principle with 


truly remarkable results. 


Where large volumes of heat are required this portable unit 
with its terrific heat has unlimited applications in every 


Engineering Industry. 


British Industrial Gases Limited 


700 GT. CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. Telephone: ENField 4022,/3/4 
22. 


Sales and Technical Assistance available in most 


rA10362 





areas 
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An Improved 


Geiger Muller Tube 


for Beta Counting 


WINDOW DIAMETER 1” 


WINDOW DENSITY 1.5 to 2.5 mg/cm? 

WINDOW MATERIAL mica 

BACKGROUND COUNT 10 counts per minute in standard lead castles 
QUENCHING GAS Halogen 

ELECTRICAL LIFE Exceeds 10!° counts 





Research workers will readily appreciate the significance of the outstanding 
characteristics of the MX123. And this new Mullard Geiger Miller Tube offers 

even more. It is produced to close manufacturing tolerances which means that it 

can be precisely mounted. Robustness is ensured by the use of a chrome iron 
envelope. The MX123 remains stable, even when operated continuously at maximum 
counting rates; and it has the outstanding insulation resistance of more than 

10'° ohms. For further information on the MX123, or details of the complete 
Mullard range of Geiger Miiller Tubes, please write to the address below. 





A team of specialists is at your disposal. 


Mullard 
_ BSUNA iv ision| 


SZ MULLARDLTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY - Telephone : Mitcham 347! 
MXR 502 
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CLEANLINESS 


In nucleonic projects, as in surgery, clean air is vital; and it is our job to supply clean 
air to the most stringent requirements. 

In conjunction with our associates, American Air Filter Co. Inc., we can offer the most 
comprehensive range of air cleaning equipment: inlet filters, gas filters, discharge filters, 
and complete air conditioning plant. In addition, we make the widest range of high- 
efficiency circulating fans and dust control equipment. 

The following are particularly suitable for nucleonic projects. Further information of 
these—and our other products—will gladly be supplied on request: 


MULTI-DUTY: A positive self-cleaning viscous impingement filter with very 
high efficiency. 

ROLL-O-M ATIC: A Self-maintaining filter which needs attention only at long 
intervals. 


PL-24: A dry filter employing an inexpensive replacement medium. 
Compact; easy to maintain. 


ELECTRO-PL: A dry type electronic precipitator of similar constructional 


design to the PL-24. 


AMER-GLAS: A plastic bonded glass filament throw-away filter. 
ROTO-CLONE: A wet dynamic precipitator for heavy dust loads. 


AIR CONTROL 


INSTALLATIONS LIMITED 


RUISLIP - MIDDLESEX - RUISLIP 4066 


LONDON - BIRMINGHAM - MANCHESTER - NEWCASTLE - GLASGOW 


Air Control are the sole manufacturing licensees in Great Britain for products of the 
American Air Filter Co., Inc. 


WE ARE ON STAND 30 (GRAND 
HALL GALLERY—OUTER ROW) AT THE 
ENGINEERING, MARINE, WELDING AND 
NUCLEAR ENERGY EXHIBITION, OLYMPIA. 


AUGUST 29th — SEPTEMBER 12th, 1957 WS 1234 
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DUST COLLECTORS 























FILTERS 


FANS 


AIR CONDITIONERS 


DUST COLLECTORS 


an oe 


production engineers 
fully equipped for the manufacture of 


graphite components. 

fabricators of 

special equipment for the 
ATOMIC ENERGY AUTHORITY 


If YOU have a special problem, apply to: 





Aircraft Division 


Registered Office: i 
29 ST. JAMES’S ST., GRAVINER MFG. CO., LTD., POYLE MILL WORKS, 
LONDON, S.W.1. Fareham Road, Gosport, Hants. COLNBROOK, BUCKS 


Tel.: Whitehall 6478 Tel.: Gosport 89175 Tel.: Colnbrook 2345 


also specialists in Industrial Explosion Suppression Equipment, Airborne Fire Protection Equipment, Thermostats and Overheat Switches. 
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BERKELEY 


Assembling a prototype precipitator at Brockhampton Park. The gas 
sampling equipment for Burst Slug Detection including Rotary Selector 
Valves, Precipitators and Gas Bearing Compressors required by A.E.I.- 
John Thompson for Berkeley, is being undertaken by Dowty Nucleonics 


Limited and production is backed by the resources of the Dowty Group. 


pewTy 
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BROCKHAMPTON PARK 
ANDOVERSFORD -GLOS 


Telephone 
ANDOVERSFORD 391/2/3 


Telegrams 
“INVENTION,” Cheltenham 
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With self-contained units placed at strategic points 
throughout the country—London, Southampton, 
Ellesmere Port, Grays (Essex), Liverpool, Rochester, 
Cardiff—and with upwards of joo operatives with 
the most modern equipment, we give efficient 
painting service to most major industries. 

A director of the company is available for consul- 
tations and a brochure giving details of our work, 
will be sent on request. 


FOR PAINTING OPERATIONS OF ALL KINDS 


¥y ional Coal Board Proj 
28 WESTMINSTER BRIDGE ROAD, LONDON, S.E.1 ee eee See oe 


h WATerl at Manvers Main, Yorkshire. 
a ae ae Main Contractors, Simon-Carves Ltd. 
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NUCLEAR ENGINEERING 


tw 
HIGH TEMPERATURE ELASTOMERS 
including SILICONES and P.T.F.E. | 
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A BREAKDOWN HERE COULD COST 


A FORTUNE 





What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to 
break down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of 
insurance we can send an engineer to advise you and inspect your 
plant. 


Write to 
D. H. EVERS, Industrial insurance consultant. 
ONE ARUNDEL COURT ° JUBILEE PLACE ° LONDON ° $.Ww.3 
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FITTINGS FOR 
PLASTIC COVERED 
COPPER TUBES 


Simplifix couplings can now be supplied for use with plastic covered copper <ubes, 
The new fitting (which incidentally was developed on behalf of one of the leading 
chemical manufacturers in this country) consists of a specially designed adaptor, used 
in conjunction with standard Simplifix couplings. A full range of parts is available 
including straight and stud couplings, elbows, tees, banjos, etc. 


Further particulars and prices will gladly be sent on request. : 


Simplifix Couplings Ltd - Hargrave Rd - Maidenhead - Berks - Maidenhead 227! /4 
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A Special Unit constructed by 
us for the U.K.A.E.A. 
















We have had extensive experience in 
the manufacture of many 


engineering products such as 


FLOWMETERS + FUEL PUMPS 
JET CALIBRATING MACHINES plec 
FUEL FILTERS - FLAP VALVES 











FLAME TRAPS :- GAS INJECTORS 
FUEL PRESSURE REGULATORS W. 
Bran 
Now added to this List is Equipment for the U.K.A.E.A Tele 
Enquiries to: 
Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 
A210 
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please mark all enquiries as follows : N/P/9 


Tel Blackfriars 9417 NEWCASTLE-ON-TYNE Tel 23823 
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Branches : LONDON Tel HOLborn 2455 (4 lines) BIRMINGHAM Tel EAS 0871 


W. P. Butterfield Limited P.O. Box 38 Shipley Yorkshire 


GLASGOW Tel Central 7696 


Cold Steel... 
but civil intent 


For low 
temperature 
work on 
nuclear projects 


Butterfield 


LIQUID NITROGEN 
STORAGE VESSELS 





Stainless Steel 


(Mild Steel Jacketed) 


the following : 


Ministry of Supply. Nuclear Physics 


Limited. The Plessey Company. 
The Butterley Company. 


Tel. 52244 (8 lines) 


BRISTOL Tel 27905 LIVERPOOL Tel Central 0829 


AS FABRICATORS to the United Kingdom 
Atomic Energy Authorities, Butterfields 
have supplied or are now at work on 
Storage Vessels such as the 300 gallon type 


illustrated and larger capacities, for 


Research Laboratory. Liverpool University. 
University of Birmingham. Royal Society 


Mond Laboratory, Cambridge. Rolls-Royce 


MANCHESTER 


BELFAST N.I. Tel 57343 DUBLIN Tel 73475 & 79745 


A21 
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Architects: T. L. Viney, A.R.I.B.A., R. S. Brocklesby, A.R.1.B.A. 
Chief Architects to the Industrial Group of the WA7 illianm, Mallinsom 


Atomic Energy Authority 


Contractors: Trollope & Colls Ltd 


Telephone: Shoreditch 7654 (15 lines) 
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For full details write for catalogue CH 326/NP9 
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ra Insulation at Capenhurst 
| - 


For Cell Cladding many thousands 
of panels were used. These com- 
prised heavy density cork faced 
with Sheet Aluminium toa modular 
size 8’ x 4’ in |” and If” thick- 
nesses, the joints being covered 
with solid Burma Teak strips. 

We manufacture a variety of 
composite materials in this field for 
cladding, insulation and shielding 
purposes. 


and Soms I.td. 


TIMBER and VENEER MERCHANTS 
130-150 HACKNEY ROAD - LONDON .: €.2 


Telegrams: ‘“‘Almoner,”’ London 


crystal phosphors 


scintillation counters 


crystals up to 4 in. in diameter and 3 in. thick, mounted or unmounted. 


MANUFACTURERS OF PLYWOOD, ARMOURPLY, PANELS, COMPOSITE PARTITIONING AND INFILL PANELS 


Sodium iodide with added thallium iodide is one of the most important phosphors for the detection and 
measurement of y-radiation. It has an energy-conversion efficiency higher than that of any other known 
material that can be grown into large single crystals and its uniformity is such that it can be used with a 
pulse height discriminator for y-ray spectrometry provided that adequate precautions are taken in the method 
of mounting and choice of multiplier. The resolution curve illustrated shows the rate of count against pulse 


height of a typical thallium-activated sodium iodide crystal using a 47Cs source. We can supply cylindrical 


HILGER & WATTS LTD ° 98 ST PANCRAS WAY, LONDON, NW! . TEL: GUL 5636 
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THE GENERAL ELECTRIC COMPANY LTD. MAGNET HOUSE, 
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G.E.€. Nuclear Research 
and Development—No. 1 


The Hot Box 


Complete reliability in operation 

is perhaps the most vital requirement 
in the design of equipment installed 

in a nuclear reactor. Much of 

the research undertaken by the G.E.C. 
in the laboratories of its 

Atomic Energy Division has been 
towards this end. Just one of the many 
research tools used in this work 

is popularly known as the “‘hot box’’. 


The “thot box” is constructed much 
in the form of a reactor standpipe 
and is designed to house all the 
components which will operate 

in a reactor standpipe. 


At its lower end, beneath the 
laboratory floor, it is connected 

to an electrically heated vessel 

filled with the coolant gas and, by this 
means, conditions of temperature, 
pressure and atmosphere similar to 
those experienced in reactor operation, 
can be reproduced inside the “‘hot box’’. 
It is therefore possible to 

investigate the heat distribution 

likely to be found in the reactor 
standpipes, to carry out life-tests 

on the control-rod driving mechanism, 
and to check the operation of the 
burst-slug detection equipment 

and of numerous other smaller items. 


This is just one of the ways 

in which the G.E.C. is ensuring the 
safe, reliable and economical 
harnessing of nuclear energy. 


Atomic Energy Division 


KINGSWAY, LONDON, W.C.2. 
A218 
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scaler 


—— —— ee, 


type 1009 D 


incorporating built-in cooling unit. 


Specification: 





Pulse input : Positive, 0.25us minimum duratio: 

Discriminator : 5v-50v. 

Resolving Time (‘Paralysis off’) : 1.Sus. 

Paralysis Times : Switch Selection 5, 10, 20, 50 
100, 200, 500us; 1, 2, 5, 10 milliseconds. 

Speed : This is limited by mechanical register to 
500 per second, but may be improved by the use 
of an external high speed register. 


SCALER TYPE 1009 D is designed to count | 
| Stability : Mains variation of =10% have no 


random or regular electrical impulses of 
amplitude greater than a pre-determined value 


which may be set between + 5 and + 50 volts. 


DYNATRON 


NUCLEONIC & ELECTRONIC DEPARTMENT 
Dynatron Radio Limited, Maidenhead, Berks. 


effect on the working of the equipment. 


Made in conjunction with and under Atomic 
Energy Research Establishment licence. 








Write for further details of this and other Instru- 
ments in the Dynatron range. 


Scalers - Pulse Generators ~ Pulse Analysers - Power Units - Probe Units - Pulse’ Amplifiers - Instrument Racks 





% Modern Welding plant, X-Ray equipment and machine shop. 
%* Fabrication in mild steel, stainless steel or aluminium. 
% Design and drawing office facilities, with a fund of experience 


% Technical Representatives throughout the United Kingdom 


THE AYRSHIRE DOCKYARD CO. LID. 
IRVINE Telephone : Irvine 2271/3 


London office: 47 Victoria Street, London, S.W.! 


Telephone: ABBey 5521 
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G. L. Willan Ltd. announce 

R | wales the installation of 
ecent technical developments especially in 

the fields of aeronautical, electronic and 


atomic engineering, have created a need for THE FIRST HF. 


alloy steels with specific properties at very 
high temperatures. Such alloys can often only 
be melted under special conditions. VACUUM MELTING 
As a result of considerable research into 
The process enables steels of exceptionally : 
high purity and low gas content to be made to operate commercially 
and it is expected that such steels will have . a 

in Great Britain. 





the problems of producing such alloys, 
G. L. Willan Ltd. have installed their first 
high vacuum melting and pouring furnace. 





wide applications and will create much 
interest in engineering circles. 

G. L. Willan Ltd. invite enquiries from 
metallurgical engineers who require special 
steels with outstanding properties. They 
also offer a vacuum melting service for 
customers who require experimental work 
carried out on their own alloys. 


G. L. WILLAN LTD. 


(Approved A.I.D., D.1.Arm., A.R.B.) 


1D. | 

vents Steel Manufacturers 

“a . : : i WITH THE LID OFF 

| — ™ fin 1 - 949 

WI Sussex Stree t, Sheffield 4. Tel: 24211 Here is the interior of the furnace showing the large 


and small charging buckets, the melting crucible and 
the small additions feeder. 
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Digital techniques in 
nuclear technology .. . 


With a nominal range of 3 microseconds to 1 second 
and an accuracy of + 1 microsecond, this equipment 
is of especial nucleonic application in the precise 
measurement of intervals between random pulses. It 
can be extended in range up to 100 hours by the 
addition of a mechanical 6-digit register. 

SA.45 MICROSECOND CHRONOMETER 








SA.46 DIGITAL DELAY GENERATOR 


The range of 14 Racal standard 





digital plug-in units is constant!) Accurate determination and checking of time intervals 
increasing. If you are designing is simplified by the SA.46, which generates precision 
special-purpose scaling and delays between an externally or internally applied 
counting equipment, they offer . . 

‘ pulse in the range 3 microseconds to 1 second, with 
significant savings in first cost 7 . 
and subsequent maintenance an accuracy of | in 10°. Available in 4, 5 and 6-decade 

models. 






BRACKNELL - BERKSHIRE 


Telephone : BRACKNELL 941 
& Cables /Grams : RACAL BRACKNELL BERKS 


BW ia aa ms DU OGOEDEE SEH 
pe eeessesase > 





North England Agent : 


! Ltd., Hereford H 
Engineering Limited Sven Nee 





(Pat. applied for) 


Electrothermal Pipe Heaters are available to 
maintain the free flowing of viscous liquids, to 
prevent freezing, and for other applications . 


where it is necessary to ensure smooth rate of 


flow. They may also be used immersed. 


WATERPROOF, FLEXIBLE, ECONOMIC, 
EFFICIENT. 





Please request leaflet 


ELECTROTHERMAL 


ENGINEERING LIMITED, 270, NEVILLE ROAD, LONDON, €E./ 
GRAngewood 99! / 


f) 
ed 
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WEIR 


AUXILIARIES 


for 
Nuclear Power Plant 


The reliability and high efficiency in design 


materials and performance associated with 





Weir Auxiliaries for steam installations are 


now being applied to Weir equipment for 





Nuclear Power plant. 

Research, development, design and manufacture of the highest 
standard, maintain Weir leadership in the auxiliary field, what- 
ever the source of energy. 

In the rapidly changing field of power reactor technology, we 
can give expert assistance on such equipment, and we invite 
consultation on all questions relating to the design and manu- 
facture of Pumps, Valves, Heat Exchangers and other Auxilia- 


ries for Nuclear Power circuits. 





MANUFACTURERS OF POWER PLANT AUXILIARIES FOR LAND AND MARINE DUTIES 
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VOKES GENSPRING 


specified for Calder Hall 


Vokes Genspring pipe support systems are acknowledged to b L 
the finest and most accurate available. As the first unit in a 
revolutionary departure from normal power generation, Calder 
Hall must have only the best in equipment—and for this important 
pioneer in nuclear power generation, we supplied C. A. Parsons 
& Co. Ltd., one of the main contractors for this station, with the 
latest in the range of Vokes Genspring Constant Support Hangers 
to support the mass of complex piping. 

Vokes W.3 and W.4 hangers and their associated fittings are used 
extensively in both the ‘A’ and ‘B’ stations. The hangers shown 
can withstand a load of 30,000 lb. over a travel of 3% ins. or 
8,400 lb. over 12 ins. 








: 
sonwoussros” | WQKES GENSPRING 


VOK ES GENSPRING LIMITED . GUILDFORD . SURREY 








VG/I2 


page Tg RIS | 


a part to play 


“O! for a muse of fire, that would ascend 


The highest heavens of invention.” 





Thus Shakespeare wrote, but we feel that it is apt to use 
his lines in a different context. Since the advent of nuclear 
power, writers have rivalled each other in sounding the 
loudest paeans of praise for modern science. We, as engineers. 
are more reticent and prefer to say that atomic power is 
here to stay. Crossley Brothers are playing their part by 
supplying diesel power for vital services in the new atomic 
power stations for the United Kingdom Atomic Energy 
Authority at Calder Hall ‘‘A’’ and ‘‘B’’, Chapel Cross and 
Dounreay, and to other nuclear energy plants. 





DIESEL ENGINES 





| CROSSLEY 








CROSSLEY BROTHERS LIMITED OPENSHAW 








MANCHESTER 11 Sted Sodtocie Se abe estes 
Pcais eee > rss SUS 65 3 Ssees Eas 
pre tre eee 
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High Energy Radiation 





Shielding Glasses 





Lead-Glass Blocks made by 
Chance-Pilkington Optical Works. 


The usual thickness is 4 inches but greater thickness, up to 
9 inches in the case of type OW7 and up to 64 inches for 
927210 and OW8, can be supplied by special arrangement. 
The glass is stirred before casting: rectangular blocks can be 
supplied with ground and polished faces. These blocks are 
ideal for the smaller sized protective window and good 
visibility is obtained through several when used in series. 
The protective efficiency compared with that of lead is for 
radiation from a Cobalt 60 source. 
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Glass Refractive Density Lead Total visible Maximum 
type index(d) grammes equiva- transmission volume after 
per c.c. lent for thickness grinding and 
_—_—_—_ —_ polishing 
\" 4” 
Ow7 1.70 4.3 0.38 79% 59% 1300 cu. ins. 
(stablised) 
927210 1.93 6.1 0.54 73% 56% 550 cu. ins. 
ows 1.93 6.1 0.54 WY UY 550 cu. ins. 
(stabilised) 


(Stabilised glasses are resistant to darkening under the influence of 
high energy radiation). 

Please write to Chance-Pilkington Optical Works for leaflet 0S34 
which gives full technical details and forms of supply of these and 
other types of heavy lead glass. 


Shielding Glass in Polished Plate Form. 


The standard thickness is | inch and sizes up to | square 
metre in area can be supplied. The required window thick- 
ness is obtained by building the glass, in layers, in a suitable 
framing. Thus 30 pieces of the lower density glass will pro- 
vide a window of the same thickness and protective 
efficiency as 30 inches of ordinary concrete: the denser glass 
is used for windows arranged in denser biological shielding 
walls. The lower density glass is also used for transparent 
boundary walls of zinc bromide cells: stabilised glass for 
the outer boundary. 








Glass Refractive Density Lead equivalent 
types index grammes per c.c 
Lime Soda 1.52 2.5 0.22 
(stabilised) 
Lime Soda 1.52 2.5 0.22 
(unstabilised) 
EDF 1.70 4.3 0.38 
Lead Plate 


1 leaflet giving full particulars is available on request to Pilkington 
Brothers Limited, St. Helen's, Lancs. 


CHANCE - PILKINGTON 
OPTICAL WORKS 


PILKINGTON BROTHERS LIMITED 
GLASCOED ROAD, ST. ASAPH, FLINTSHIRE 


Temporary Sales Office: Glass Works, Smethwick 40, Birmingham 


aay (OQ 
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* STEEL FABRICATORS 
* SPECIAL PURPOSE PLANT 
ea DESIGN AND DEVELOPMENT 


a BROCHURE ON REQUEST 
P. & L. MILLER LTD 


HENEAGE STREET, LONDON, E.|I 
TELEPHONE: BiShopsgate 7314 (5 lines) 









for the most” 


BES ER comprehensive 


METALS stock available 


BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 





Z ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 
TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
8 RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 
: PERFORATED SHEETS, STUDDING 
he i T & SONS (CLERKENWELL) LTD. phone: CLE 1277 (14 lines) 
J 7 42/54, ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.! Screw Dept: CLE 0925 





Portrait of a spy... 


ASTER OF INFILTRATION for many generations, the modern spy also 

has to bean expert on filtration. Today’s secret agent has access to 
so much information that he has to know exactly what he is about 
in order to send back to his superiors only those formule and plans 
which will yield vital secrets. 

For a long time, too, Heather Filters have been doing an exemplary 
job of work wherever vital clean air needs to be passed through an 
air-conditioning system. Their intermingling hairs stop the passage of 
harmful dust without the aid of any messy fluids, and they can be 
cleaned in a jiffy. What’s more, they make a claim that most spies 
cannot—they will last a long lifetime! We would be pleased to help you 
find out some more secrets of efficient air filtration. 


JED RATED R53 LAOH AS LLL RD 


28ST. JAMES’S PLACE, LONDON, S.W.!. HYDE PARK 7588 
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For many years Lawrie’s have been producing 
fabricated pipework to critical B.S. standards for 
industrial and marine applications, and to A.P.I. 
standards for petroleum refineries. Add to this the fact 
that all Lawrie’s welding is approved by Lloyd’s—and 
other major inspecting authorities—and you will see why 
this Clydebank firm is noted for consistent top 

quality pipework, The stimulus of continually working to 
these exacting requirements places Lawrie’s in an 
enviable position for meeting the hypercritical standards 
that can be anticipated in the Nuclear Age. 

Indeed, Lawrie’s are already on the approved list of 
pipework contractors to the U.K, Atomic 

Energy Authority. 


ER 
PUT YOUR PIPEWORK PROBLEM TO LAWRIE 
) & T. LAWRIE LIMITED 
LIVINGSTONE STREET - CLYDEBANK © SCOTLAND 
es) TELEPHONE : CLYDEBANK 2171/2 
925 LONDON OFFICE: 34 VICTORIA STREET, S.W.1. TELEPHONE: ABBey 4937 & 1847 



















Instrumentation... 


WHERE EVERY NUCLEONIC PROJECT STARTS 





FAST NEUTRON MONITOR ype /407¢ 


A self-contained general purpose Fast Neutron Monitor, 
designed in conjunction with A.E.R.E., Harwell. 


Meter calibrated 0-4 counts per second 

Measurements up to 400 counts per second in 3 decades 
Incorporates proton recoil proportional counter 
Powered by seven 1.3 volt ‘‘Kalium” mercury cells 


Fully sealed for operation in unprotected positions 


vvvvvv 


Easily decontaminated and readily transportable 


For further particulars, contact 


NUCLEONICS DIVISION 





RADIATION MONITOR type an. //0 


Designed primarily for measurement of 
radiation from contaminated apparatus 

or surfaces, and personnel monitoring 

using Alpha and Beta/Gamma Probes. 

Count rates up to 5000 per second in 
four ranges using meter indication 
Resettable register for low count rates 
Incorporates stabilised E.H.T. supply 
for probes 

Large Area Alpha Probe has effective 
area of approximately 16 square inches 
Easily decontaminated and readily 
transportable. 


BURNDEPT 


et 


BURNDEPT 
LIMITED 


ERITH KENT 


manufacturers of Head Amplifiers 


Ratemeters + Radiation Monitors + Neutron Monitors 


Tv vvv 
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IA AUSTRIA BELGIUM BRAZIL CANADA 


THE WORLD 


CHILE DENMARK ECUADOR FRANCE GERMAN 


IS WATCHING 


NDIA ITALY JAPAN NETHERLANDS NORWA 
N PANAM ER PORT AL = 
WEDE V > ZERLA D RUGUA 


Potential buyers in these and 
other markets are now seeing 
“British Atomic News—No. 1.” 


You can participate in this 

new, vital sales promotional scheme. 
Six new productions are being planned 
now. 

if your business concerns 


atomics, electronics, automation, 
instrumentation or other fields, 


show and tell the world 
in full colour and sound. 


Reasonable cost 
no “extras”. 


If you have not seen “British Atomic 
News—No. 1" we will be glad to screen 
it for you. 


Full details of the complete B.A.N. 
scheme will be sent on request. 


BRITISH ATOMIC NEWS 
LIMITED 3 Albemarle Street, London. W.1. 
Telephone: MAYfair 9361 
Cables: Atomnews, London 


In association with Hartley-Ward Films Ltd. 











transformer 


SATISFY 
MANY DIFFERENT 
REQUIREMENTS 
AVON SERIES 
Mains transformers anc 
chokes for GENERAL use 
suitable for upright or in- 
L os verted mounting. 
LEED SOLENT SERIES 
ISS Mains ~~ transformers _ for 
| Valve and Bridge rectifier 
circuits for COMMER- 
J CIAL applications with 
SAL” chokes to correspond. 
Pete: 
ey, > GAMMA SERIES 
| Zé | Mains transformers and 
} chokes approved for Inter- 
| service use —Classi fication 
. ; P H.1. 
ra 


DELTA SERIES 


Mains transformers and 
chokes approved for Inter- 
service use—Classi fication 
H.2. 





TWYNHAM SERIES 


Auto, Isolating and Low 
Voltage transformers for 
INDUSTRIAL use. 


OUTSPAN SERIES 


Mains transformers for 
E.H.T. applications. 





OVER 600 TYPES IN STOCK 
we shall be pleased to send you a catalogue 


GARDNERS RADIO LTD 


Somerford 
CHRISTCHURCH 


Phone 1024 
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DEPENDABLE 


RELAY CO. 
| I 






DEPENDABLE 


AUTOMATION 


Vii 
STANDARD SELF-CONTAINED 


Zee CONTROL UNITS 









NAW 


POWER HANDLING 
LIQUID AND GRAIN 
LEVEL CONTROL 
TEMPERATURE AND 









AY 
\ 


P.O. Type Z 
3000 & 600 Z 


AN 


WW 


RELAYS 


Manufactured to your specification to A.I.D. and |.E.M.E. 
standards. 

COILS up to 80,000°2. CONTACTS up to 8 amp. 
INSULATION up to 5 kv. Prototypes 7-14 days. 


\W\ 





AIUIQ 


\\ 
\ 


A 


PROMPT DELIVERY — PROMPT QUOTATIONS 





@ Power driven pen. @ Immediate starting torque 
@ Full-scale drive 3 sec. @“ Plug in” oscillator 

chassis @ Black ebony finish Instrument Case. 
@ Research, industrial and medical applications. 


FOR Z 

SIEMENS high-speed types also supplied, Z 
Specialists in tropicalisation. Transistorised relays. Z 

® PRODUCTION CONTROL Z Contractors to leading manufacturers, P.O. and Govt. Depts ZW 

® COUNTING Z Z Z tuts: 

og VZZ Zim méicce: LE 

© PROGRESS 

© TIMING DEPENDABLE ELECTRONIC RECORDER 

© SWITCHING @ Continuous Strip Chart @5in. graph @ 3 speeds 

se 

+ 





FURNACE CONTROL 





12a, Tottenham Street, LONDON, W.!. 





(NEAR GOODGE 
ST. STATION /) 





‘Phone: LANgham 7391/2 





‘BOBY’ Deaerators and Chemical 
Conditioning Equipment have been 


installed or are on order 


for 
CALDER HALL 
CHAPEL CROSS 
BRADWELL 


WILLIAM BOBY & CO. LTD 
RICKMANSWORTH, HERTFORDSHIRE, ENGLAND 
Telephone: Rickmansworth 4251 * 
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TREATMENT 

















SCIENTIFICALLY PACKED FoR 
TRANSPORT—ANYWHERE 
in 
Glass Bottles and Stone jJ,rs 
(1 to 4 Ibs.) (1 to 4 gallons) 
Carboys (10 to 14 gallons) 
Steel Drums (1 to 10 cwt.) 


Oleum (A// Strengths), Sulphuric, 
Battery, Hydrochloric, Nitric, 
Dipping and Mixed 
also 
Distilled Water (Pure) 

















| nT AT: * mT Mm , 
SPENCER i nn Hill h iil Hi MMIII i i 7 
il ij lh ai el | 
CHAPMAN : : Hl tit Hi 
& MESSEL LID ae 


[Lire 
Telephone - - - - GRO 43! 














Telegram Hydrochloric, Audley, Londor 
45 Park Lane, London, wi Cables i - - Hydrochloric, London 











TOOL AND ENGINEERING CO., (SURBITON) LTD. SURBITON, SURREY 


Telephone: Elmbridge 7261-2-3 





Electro-Magnetic Pump 1” General Purpose Valve 


MANUFACTURERS AND DEVELOPMENT ENGINEERS 
FOR NUCLEAR POWER PROJECTS 


Pumps, Hi-Presflex Metallic Flexible Bellows and Valves manufactured for U.K. Atomic Energy Authority 
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This Way FOR MACHINING 


Our machine tools are probably more varied and more up-to-date than you would find under 
any other roof in Britain. They are certainly capable of solving your production problems. In 
the Precision machine shop which is temperature controlled, dust-excluded and quite free 
from engineering noise, is a collection of precision tools which is unique. Our highly skilled 
operators turn out intricate shapes from the most intractable metals and have long experience 
of working stainless steel. Problems in nuclear engineering are in no way strange to us. We 


have developed new techniques at highly competitive cost and we are already putting them 
to good use. 





In a nutshell; you will find the know-how, the machine tools and the capacity to deal with 
your nuclear engineering problems. For further information write to: - 


SIR W.G. ARMSTRONG WHITWORTH AIRCRAFT LTD BAGINTON, NEAR COVENTRY 
Tel. Toll Bar 2261 















SERVICE FORL.... 
NUCLEAR EN 









GINEERING 








Nicer many years ot service 
in metal-work design and 
production for various indus- 
tries, we now offer our ser- Ce vente 


vices to those engaged in gage a : 
Nuclear Power projects. | PROTOTYPES 
We are already well known | was , 


to many advertisers in this | 
PRODUCTION 


publication and we are also 
at present engaged on im- 
portant contracts for the 
UKAEA. 


May we help in your 

Nuclear Power problems? j 
E.G. BROWN & CO. LTD. 
(SHEET METAL ENGINEERS) § 


WEST RD., TOTTENHAM, N.17 |] 
Telephone: TOTtenham 2257/8/9_ 
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HENRY GARDNER & CO. LTD °* 220%" 


suppliers of 
CADMIUM LEAD 
BISMUTH TITANIUM 
INDIUM TITANIUM ALLOYS 





Cabies:s NONFERMET London Tel: MANsion House 4521 and at BIRMINGHAM, MANCHESTER, GLA OW / 





BINDIN GR Sa 


You often want to refer to 
NUCLEAR POWER... 

. . . these Easibinders will hold 

up to 6 copies of NUCLEAR POWER 
for quick and easy reference 


each plus 1/6 postage and packing 
P postag 


TO ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, WI 
Please supply Easibinders for NUCLEAR POWER 
NAME 


ADDRESS 








PRICE 12/6 BINDER, | ENCLOSE 





STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


> > 2 OF OF 


Keen Prices — Prompt Delivery 

Send enquiries to Dept. N.P. HU 
STAINLESS STEEL PROFILE CUTTERS LTD. 

Farfac Works, Kings Grove, MAIDENHEAD. ’phone 1522/23. HUMG 

















ol 


NUCLEAR 
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The Appr-1 has just completed its 
/ . 700 hours acceptance test with 


. 2 ¥ outstanding success. 


j \ Z ‘\ | This is a prototype of the ALCO 


pressurized water reactor for which 



















Humphreys & Glasgow hold world 
marketing rights outside North 
America. Most of the Nuclear Plant is 
being manufactured by Daniel 
Adamson & Co., Ltd., of Dukinfield. 


Oil and coal prices are rising steadily 
whereas the cost of nuclear power is 
falling and is already competitive in 
most places. Humphreys & Glasgow 
would welcome enquiries for either 
immediate installation or long range 


planning. 











Overhead view of core structure in 
APPR-1 Reactor as technicians 
make final installation. Note 
x 7 grid, with corners missing, 
that provides space for fuel 
elements ard control rods. 


HUMPHREYS & GLASGOW LTD TELEPHONE : VICTORIA 8454 


HUMGLAS HOUSE - CARLISLE PLACE - LONDON S.W.1  ALso In FRANCE - GERMANY - CANADA - AUSTRALIA - SOUTH AFRICA - JAPAN 
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Screw-down Valves for manual and remote actuation 7 e yp 33 
in Mild and Stainless Steel to approved specifications 


Ta 


Sina” “ei 











HIGH-PRESSURE COMPONENTS LIMITED 





SUNFLEX WORKS’ WEST DRAYTON - MIDDLESEX 


“ ¢ 


nv 














First in Fluid Power 





Right from the drawing-board stage 
Baldwin pneumatic and_ low-pressure 
hydraulic equipment keeps one aim in view 
RELIABILITY. 

Polished, hard-chrome plated cylinder bores 
and piston rods; self-adjusting, air and 
water resistant seals: rugged malleable cast 
iron and steel construction, completely rust 
and corrosion proof inside and out: built-in 
cushioning to absorb the shock of heavy 
loads moving at high speeds and many 
other quality design features ensure absolute 
efficiency even under the most arduous 
conditions. Unit construction enables 
Baldwin to offer 432 standard types of 
cylinder with 6 bore sizes and 8 standard 
mountings. Ask any discriminating buyer, 
he will tell you that for quality, efficiency, 
reliability it pays to specify Baldwin Fluid 
Power. 





With Baldwin Equipment Quality, Efficiency, Reliability are ‘Built in’ 


Write now for your 

~ t >» 

FLUID \~ BALDWIN FLUID POWER BALDWIN Fluid Power Cate- 
lague GS5-503 it 

POWE.— Yj endian emme 











to-read information 
on the entire range of 
Baldwin Cylinders, 











valves and = acces- 
BALDWIN INSTRUMENT COMPANY LIMITED « DARTFORD : KENT: DARTFORD 2948 sisi on nc wane A 
One of the Harper Group of Companies and hydraulic use Se ox 
B36 
A’ 
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Olivetti are famous all over the world for type- 
writers of outstandingly good design. But, to Olivetti, 
good design is not by any means just a matter of 
good looks—for the same Olivetti outlook pene- 
trates to the innermost, smallest, working part of 
every machine. It is this close attention to every 
detail of engineering precision that makes the 
Lexikon 80 good to look at, good to work with, and 
good to last through years and years of the hardest 
usage with the very minimum of attention. That to 
Olivetti is what good design must always mean. 


Special Keyboards. Olivetti are able to supply 
machines with special keyboards or typefaces for 
almost any purpose—either as modifications of a 
standard keyboard to provide (for example) alter- 
native mathematical signs or complete keyboards 
for most languages. 








NUCLEAR POWER SEPTEMBER 1957 





hard-worked 





Designed to be 


and trouble-free 


Olivetti 
Lexikon 


Made in Great Britain by 


British Olivetti Ltd. 
10 Berkeley Square, London, W. 1. 


Sales Branches: 


London - 32/34 Worship Street, E. C. 2. 
Birmingham - 14 Waterloo St., Birmingham 2 
Glasgow - 115/207 Summerlee Street, E. 3. 
Authorised dealers throughout the country 
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UCLEAR ENGINEERING cannot tolerate faulty 


design or ill-chosen materials. Every inch of a 





plant that houses such enormous energy has 

to be designed and constructed to highly critical specifications. 

That is why such contracts go only to the cream of industry. 

For this reason we at the Darlington Insulation Company are 

particularly proud to list, among our many major achievements, 
1e honour of being the first insulation contractors to work on a 

the | f being the first insulat tractors to work 


British nuclear power station. 


The Calder Hall project involved a succession of new problems 
during construction, the testing nature of which was just another 
challenge successfully met by the skill of our engineers. 

Your insulation problems (whether heat, cold or sound) call for the 
same wide experience, the same awareness of new developments 
in engineering, as well as suitable materials of proven efficiency. 
A talk with one of our technical representatives will cost you no 
more than a letter or a ‘phone call. The Darlington Group of 
Companies are always at your service and would be pleased to 
help you right away. Ring Newcastle 23666 and tell us your 
problem now. 


THE .DARLINGTON INSULATION CO. LTD 
Head Office: 38 Great North Road, Newcastle upon Tyne 


Branch Offices at: London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester, Sheffield 
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First with full details of the 
AMF-Mitchell closed-cycle boiling 
water reactor for Germany 
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In the control room of France’s first nuclear 
power plant, Gl] at Marcoule. Dials on the 
control desk are rod position indicators, 
graphic panel behind shows operation of 
whole plant at a glance, GI is an air-cooled 
pile for producing plutonium but also supplies 
steam to a turboalternator (story p.356). 
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An achievement based on experience and research. Our experience 

of lubricating over a third of the United Kingdom’s standard generating 
stations. And the research conducted in our own laboratories on 
nuclear power station lubrication with facilities provided by Harwell— 
one of the world’s foremost authorities on nuclear energy. 


These are the reasons why we continue to be 
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La voie du plutonium 


The industrial centre of France’s Commissariat a l’Energie Atomique at Marcoule, now rapidly 
nearing completion, is a thing of justifiable pride among all young Frenchmen and has aroused 
admiration throughout the world. In post-war France, a country with a chronic economic pro- 
blem and one with bitter memories of 1940, pride in technical achievement has become an 
important element in national life. Through it, it is hoped to solve the one and erase the 
other. Thus engineering accomplishments, like the transformation which has made French 
Railways probably the best in Europe, the magnificent hydro power schemes such as 
Donzére-Mondragon and jet aircraft like the Mystére and the Caravelle mean a very great deal 
to the French people. In the same category must be included France’s outstanding contribu- 
tions to the development of atomic energy—contributions unique among the big atomic 
powers in lacking the tremendous stimulus of a military commitment. 

Ever since 1945 when Général de Gaulle, with a commendable depth of vision, set up the 
Commissariat, it has pursued an unswerving course which is now, 12 years after, just about 
to produce practical results. During those years the French scientists and engineers have pur- 
sued a lonely road but one which, now the wraps are off, is seen to be very similar indeed to 
the British one—with the big difference that France, having as yet no military programme has 
not invested in a diffusion plant. After a seven-year preliminary research and development 
era, she decided in 1952 to take /a voie du plutonium and build as Stage | reactors, piles 
designed primarily for converting U-238 into fissionable. Pu-239. This, then, is the role of 
Marcoule and its director Pierre Taranger has aptly compared it with a refinery producing 
aviation spirit from crude oil. 

When the first French atomic five-year plan was begun in 1952, it had two main objects: 
the development of France’s very considerable deposits of uraniferous ores and the creation 
of means to turn the resulting metal into plutonium. The first objective has now been 
achieved and output of uranium metal this year is expected to be 300 tons. The second aim 
is within sight of attainment and plutonium should start coming from Marcoule early next 
year. 

Despite the fact that France has never announcea any plans for bombs, she has not 
definitely renounced them as an instrument of national policy and it is probably that Mar- 
coule’s plutonium—100 kg a year—is of high Pu-239 purity, suitable for weapons. It is to be 
hoped however that this need will never arise and that the plutonium may go on quietly 
stockpiling until the French scientists have found a practical way of using it as an enriched 
fuel in power reactors. 

Marcoule, like Windscale/Calder Hall, is not however just a plutonium factory but is also 
a power station in which Electricité de France will obtain valuable operating experience. 
Indeed comparisons with Caider Hall show a very close resemblance in performance despite 
the very different physical layout. What will b2 even more interesting however will be a com- 
parison with EdF’s first commercial power station at Chinon, for preliminary reports indicate 
a reactor layout very much more like Calder Hall than Marcoule. 

France has just adopted a second five-year plan. This has only been outlined in very gen- 
eral terms yet and leaves unanswered the big question of whether she will or will not produce 
her own enriched uranium. Nevertheless the way in which the first plan has been fulfilled 
leaves little doubt that France knows where she is going and how to get there. 
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EKCO are proud to have carried out the full instrumentation 





of three new reactors and to have brought — 
all three installations to completion within a 
a period of little more than eight weeks. own 


valu 
Two of these instrumentations equip the two new-type reactors in Britain— r 
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most powerful of their type in Western Europe. The third instrumentation—first 
ever to be exported—has already been shipped to Sydney, Australia, 
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Nuclear station for N. Wales 


Proposed site for the fourth CEA nuclear 
station is at Trawsfynydd, Merioneth- 
shire, and early application for consent 
is to be made to the Ministry of Power 
and the local planning authority. Cap- 
acity of the station will be 400 to 
500MW output and is planned for opera- 
tion in 1962. Confirming earlier reports 
(Worldview, July) it will be connected 
by overhead line to the 275,000 volt 
transmission system at the Ffestiniog 
pumped storage station now under con- 
struction some five miles to the north. 
The Trawsfynydd site is on the northern 
shore of a lake of the same name created 
thirty years ago as a storage reservoir 
for the Maentwrog hydroelectric power 


Ffestiniog 
vain YNYOO 


Dolgelley 














Central Electricity Authority’s fourth 

nuclear power station will probably 

be at Trawsfynnyd, N. Wales. Edern, to 
the west, is a possible further site 


Station. It is large enough to provide 
cooling water for a_ station up to 
SOOMW. Rocky and broken, the land, 
owned by the CEA, has no agricultural 
value. 

The CEA have also named another suit- 
able site two miles west of Edern on the 
north coast of the Lleyn Peninsula, Caer- 
narvonshire. Here the land is mainly 
rough heath and low cliffs. The sea is 
deep near the shore and the unlimited 
cooling water available may mean that 
the site will be used for an even larger 
station than Trawsfynydd. Timing of pro- 
posals for Edern will depend on system 
requirements and the scale of the whole 
nuclear programme. 


Nuclear energy for teachers 

A hundred teachers in universities and 
higher technical colleges from 14 Euro- 
pean countries recently attended courses 
in nuclear energy organized, at the insti- 
gation of the OEEC and the European 
Productivity Agency, by Harwell and the 
Centre d'Etudes Nucléaires at Saclay. 
Aimed at assisting teachers in keeping 
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up to date with the latest progress in 
nuclear techniques, the first course, for 
French-speaking teachers, began at Saclay 
on July 15. It was opened by Prof Per- 
rin. High Commissioner for Atomic 
Energy, and lasted two weeks. A second 
course, for English-speaking teachers, was 
held at Harwell from August 6-16. 


Nothing in it today—ship chief 
Lots of people are making fools of 
themselves over the use of atomic pro- 
pulsion for merchant ships according to 
reports of a speech made by Harland & 
Wolff 79-year-old chairman Sir Frederick 
Rebbeck at a launching from his Belfast 
yard last month. ‘ Something” he went 
on, ‘is undoubtedly coming. But it may 
be a quarter of a century before you 
see anything very active going down to 
the sea. There is nothing in it today 
which would make us want to be one of 
those to cuddle up to someone else and 
spend a lot of money to find out how 
not to do it.’ 


New post for Sir Christopher 


First chairman of the Central Electricity 
Generating Board—to be set up on Jan 
1, 1°58, under the 1957 Electricity Act— 
is to be Sir Christopher Hinton, KBE. 
FRS. This was announced by Lord Mills 
in the House of Lords last month, other 
appointments to the Board, which date 
from Sept 1, 1957, being: deputy chair- 
man—Mr C. R. King, CBE; members 
Mr F. H. S. Brown and Mr E. Long. 
Further names will be announced in due 
course. 

Chairman of the new Electricity Coun- 
cil—the coordinating body for the whole 
supply industry—is to be Sir Henry Self. 
KCB, KCMG, KBE, with Sir Josiah 
Eccles, CBE, full-time and Professor R. S. 
Edwards, part-time deputy chairmen 
Lord Citrine, present chairman of the 
CEA will continue as a part-time mem- 
ber of the Council. Further appointments 
to the two new bodies will be announced 
‘in due course.’ Salaries of the two chair- 
men will be £10,000 a year, the deputy 
chairmen receiving £7,500. 

Sir Christopher Hinton’s appointment, 
as the leading nuclear power expert in 
the country, to a post where he will be 
in charge of conventional power stations 
as well as nuclear indicates clearly the 
Government's outlook on the future of 
the electricity supply industry. Whether 
he will relinquish his seat as Member 
for Engineering and Production on the 
Atomic Energy Authority is not known 
but it might be assumed that he would 
at least retain a part-time seat to ensure 
the closest liaison possible between the 


two authorities. The desirability of this 
was stressed during the debate on the 
new Act. 

Sir Henry Self, 67, is at present deputy- 
chairman of the CEA: Sir Josiah Eccles, 
60, is the other present deputy chairman. 
Mr Brown, 47, was made chief engineer 
of the CEA earlier this year. Mr King, 
62, is chairman of the East Midlands 
Board. Mr Long, 59, is the present secre- 
tary of the CEA. 

Under the new Act, the Electricity 
Council comprises chairman, two depu- 
ties and up to three members. In addition 
the chairman of the Generating Board and 
two of his colleagues are ex officio mem- 
bers together with the twelve chairmen of 
the Area Boards. The Generating Board 
will have a chairman and from seven to 
nine members. Its job will be to develop 
and maintain the main generating and 
transmission system for bulk supplies to 
the Area Boards in England and Wales. 


Hunterston to go ahead 

Government approval of the 320MW 
power station on the Hunterston, Ayr- 
shire, site for the South of Scotland 
Electricity Board was announced by 
Secretary of State for Scotland, Mr J. S. 
Maclay on Aug |. The station will be 
built by the GEC Simon-Carves Atomic 
Energy Group at a cost of about £M37. 
When it is completed in 1961 it will sup- 
ply about a quarter of the South of 
Scotland’s electricity demand at that 
time. 

A report on the public inquiries into 
this site was published on July 9 by 
the Scottish Home Department. This 
recommended to the Secretary of State 
that approval be given to the construc- 
tion of the station on the Hunterston 
site and that a compulsory purchase 
order be confirmed for the land. The 
recommendation was however subjected 
to certain conditions regarding amenity 
and appearance questions and also 
nuclear safety. The objectors were given 
a six week period in which to appeal 
against the order. 


VHT reactor for Winfrith 


First reactor experiment at the AEA’s 
new Winfrith Heath, Dorset, research 
centre will be a zero-energy revision of 
what has become known as the Fortescue 
reactor. Named after Dr Peter Fortescue 
(who writes on page 381 this issue) the 
reactor is based on a solid homogeneous 
core pierced by smooth cooling channels. 
Also known as the Very High Tempera- 
ture reactor it will have no separate fuel 
elements as such and the fissionable 
material—probably enriched uranium 
(235 or 233) oxide—and graphite modera- 
tor will be combined. Last November, the 
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AEA Industrial Group Assistant Director 
of Civil Reactors, R. V. Moore, referred 
to this reactor in one of his papers to the 
BNEC Calder Hall symposium. Accord- 
ing to Moore, gas outlet temperatures of 
800°C should be possible with a fission- 
able material rating of from 1 to ? mega- 
watts per kilogramme, compared with 
the Calder figure of only 92. Spread of 
fission products through the system is 
likely to be a difficult problem but Moore 
said the incentive was very high since 
overall plant efficiencies could exceed 40 
pet while the high rating would lead to 
a further reduction in capital costs com- 
pared with h.t. reactors with metal-clad 
elements. One advantage of the Fortes- 
cue reactor is that it offers a real possi- 
bility of a gas-turbine system. 

Last month a contract for a large part 
of the design and construction of the 
zero energy assembly was awarded to the 
General Electric Co Ltd. This will be 
used to study the nuclear characteristics 
of the system and to verify design cal- 
culations before a power reactor experi- 
ment is started. 

Dr Fortescue left Harwell last month 
to spend two years ‘on loan’ to the 
John Jay Hopkins Laboratory of Pure 
and Applied Science, San Diego. Cali- 
fornia, operated by General Atomics 
Division of General Dynamics Corpora- 
tion. On Nov | last year GA's general 
manager Frederic de Hoffman stated 
(Worldview Jan, 1957) that the labora- 
tory would include a solid homogeneous 
reactor experiment with fuel and moder- 
ator mixed in such a way that a large 
prompt negative temperature coefficient 
would be built in. This is part of a feasi- 
bility study contract GA hold from the 
AEC for a VHT closed-circuit gas tur- 
bine system for oil tankers. 


UKAEA loses Fermi case 


Settlement was announced last month of 
a High Court case between Philips Elec- 
trical Ltd and the AEA concerning a 
patent taken out in Italy by Professor 
Fermi. This concerns the discovery. made 
by Fermi and his collaborators in Rome 
in 1934, that thermal neutrons are more 
effective in the production of radioactive 
elements than fast ones. The basic Italian 
patent was applied for in that year, the 
full title and all rights for most countries 
other than the US being subsequently 
acquired by Philips. A writ alleging in- 
fringement was served against the Author 
ity in March 1956 by Philips. who at the 
same time applied for an extension of 
the patent. A compromise has_ been 
reached, and the terms of the settlement 
include the withdrawal of the extension 
petition and the payment of a sum to 
Philips by the AEA, believed to be 
around £10,000. 
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GERMANY 


Van de Graaff for Cologne 

E. Leybold’s Nachfolger of Cologne re- 
cently put into operation in their work- 
shops a 2 MeV van de Graaff generator 
of the type they now supply under licence 
from the High Voltage Engineering Cor- 
poration, Burlington, Mass. This will be 
used for experiments in association with 
their isotope investigation division, and 


At Leybold’s Cologne works a 2 MeV 

Van de Graaff machine has been in- 

stalled. Of High Voltage Corporation 

design, it can be used for hard X-rays, 

monoenergetic electrons, neutrons or 
positive ions 


their facilities will be available to assist 
research generally on the Continent. The 
official opening was attended by many 
prominent members of German industry. 
representatives of the German Atomic 
Energy Commission and Ministry of 
Supply. 


New plan for 2000 MW 


Eight nuclear power stations with an 
aggregate electrical output of 200 MW is 
now being mentioned by Federal Gov- 
ernment spokesmen as being the probable 
scale of the programme to be carried out 
by 1967. In addition it is possible that 
eight powerful research or test reactors 
might be built during the same period. 
This apparently supersedes the  pro- 
gramme put forward by Minister of 
Atomic Affairs Siegfried Balke last May 
when he mentioned the modest figure of 
500 MW as a likely target. Clearly, how- 
ever. Germany's contribution to the Eur- 
atom Plan must be of the order of thou- 
sands of megawatts if the scheme is to 
achieve its 15,000-by-1965 objective. 
Reports from Bonn suggest three 100- 
150 MW power plants to British and 





American designs in the period 1959 53, 
similar sized reactors but of German e- 
sign for 1961-65 and very much la:zer 
plants also of German design for ‘he 
years 1963-67. 

German experts believe the State nmiust 
contribute to these plans—particularl, in 
the matter of insurance cover—but tiey 
are insistent the Government interest 
shall not be controlling. Meanwhile 
Government's atomic energy Bill is still 
in political difficulties and subject to a 
good deal of inter-party manoeuvring. 
One matter of controversy is the division 
of responsibility between the Federal and 
state governments. 


ITALY 
Nuclear station for South 


In cooperation with the Italian govern- 
ment, the World Bank is to invite tenders 
from manufacturers in Britain and the 
US for a 1SOMW-: nuclear station for 
Southern Italy. To be known as Project 
ENSI (Energia Nucleare Sud Italia), the 
study will include the selection of a suit 
able site, the preparation of invitations 
for tenders to qualified manufacturers on 
an international basis, a review of the 
tenders submitted and the preparation of 
their evaluation. The UKAEA and 
USAEC have agreed to provide nuclear 
engineering consultants for the project 
for the technical review of natural and 
enriched uranium tenders respectively 
Their report and the tenders will be 
reviewed by an international panel of 
experts under a Canadian chairman to 
be set up by the World Bank. They will 
in turn report to Societa Elettro- 
nucleare Nazionale for the final choice. 

This announcement coincides with the 
news that Italian negotiations with the 
AEA for the purchase of a gas-cooled 
reactor have been successfully concluded. 
Value of the agreement, not yet finally 
signed, is between £M20 and £M30. 
America is also to supply a pressurized 
water reactor for Southern Italy by a 
contract signed by the Vitro Engineering 
Company and the government-owned 
Societa Italiana  Meridionale Energia 
Atomica (SIMEA). Total cost of this 
project is estimated at $M46; start-up is 
scheduled for early 1962. Components 
and services will be procured in Europe 
wherever practicable. 


NORWAY 
British fuel for Halden reactor 


Cooperation between the UKAEA and 
the Norwegian Institute for Atomic 
Energy on the Halden reactor project was 
agreed last month. The Authority will 
provide the initial fuel charge of uranium 
elements for the reactor and will work 
with the Institute on a research pro- 
gramme to develop suitable elements for 
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Seen at Het Atoom exhibition in Am- 

sterdam, cutaway model shows Nor- 

way’s Halden reactor. Britain will 

supply fuel for this boiling heavy 
water plant 


later charges. In exchange, the AEA will 
have access to the reactor design and 
operating experience. 

Due to start operation in 1958, the 
reactor is a boiling heavy water power 
reactor built by IFA largely for experi- 
mental purposes. However, it will also 
supply steam at 220°C and 35 atm to an 
adjoining paper and pulp factory, which 
will be the first time reactor heat has 
been utilized directly. Interesting feature 
is that the reactor hall is tunnelled in 
solid rock in a mountainside, giving nat- 
ural shielding. 


SWITZERLAND 
CERN cyclotron gives 600MeV 


The synchrocyclotron built by CERN 
at Meyrin. near Cointrin airport, is now 
working at full strength. Professor W. 
Gentner. who is in charge of the pro- 
ject was able to do runs with the 
machines at its peak energy output of 
600 MeV. In the near future, it will pro- 
duce high energy protons for nuclear 
bombardment. The result of just over 
two year’s intensive work, the machine is 
a landmark in international scientific co- 
operation—twelve countries are sharing 
the cost. Scientists from non-member 
countries are invited to participate in the 
research. Also at Meyrin, a 25,000 MeV 
proton synchrotron is under construction, 
and when completed late in 1960, this 
will be the largest in the world. 


Nuclear standards sought 

An attempt was made in Geneva last 
month to unify the standard practice of 
countries which are developing peace- 
ful uses of nuclear power. Experts from 
some 30 countries held the first meeting 
of a new committee on nuclear energy of 
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the International Organization for Stan- 
dardization. Object will be to recommend 
standard practices for nuclear plant and 
equipment which should be followed 
throughout the world in the interests of 
safe and efficient operation and improved 
trade. The British delegation of nine was 
led by Mr H. A. R. Binney, director of 
the British Standards Institution, and in- 
cluded representatives from the UKAEA, 
the CEA and three of the industrial 
groups of NETAC. 


SOVIET UNION 


Hardening metals by radiation 


Investigations which may result in the 
development of exceptionally durable 
high-speed cutting tools have been 
described to a Tass correspondent by 
Dr Alexei Malkin, director of the 
USSR Tool Research Institute. 

According to Malkin, metals and 
alloys acquire additional strength when 
subjected to a certain intensity of irradia- 
tion. In some instances the strength and 
hardness of the metal are claimed to in- 
crease several times over. This is_be- 
lieved to be due to changes in the struc- 
ture of the metal. 

Dr Malkin told the correspondent that 
detailed work on this problem has begun 
at the Institute’s new laboratory for the 
study of metals by radiological methods. 


Project 1 detailed 


More details of Russia’s atomic pro- 
gramme came to light at the recent Bel- 
grade meeting of the World Power Con- 
ference. As has already been reported 
(Worldview, July) the Soviet has at least 
two types of full-scale power stations in 
construction—Project 1 and Project 2. 
Project 1 is a two-reactor pressurized- 
water plant for 390 MWe and the details 
now released show this to be very similar 
to the United States Shippingport pwr, 
but very much larger. 

Each reactor will supply three 70 MW 
turbines (Shippingport has one 60 MW 
set which will later be stepped up to 
100 MW) giving a gross installed cap- 
acity of 420 MW but this is apparently 
only the first phase of what is presum- 
ably a very large station indeed. Each 
reactor will have a thermal rating of 
760 MWt and the water will be circu- 
lated in six parallel loops. Pressure in 
the shell will be 1470 psi and the water 
will be heated from 480 to 530 deg F, 
the flow rate through the core being 
120,000 gpm. Inlet to the shell is above 
core level and the feed water will drop 
through a downcomer section between 
core and wall before entering the core 
and rising up through it to the offtakes. 

The shell will be 12-Sft dia. and nearly 
40ft high, 7 in. thick and will be in high 
yield point steel clad internally with 
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stainless. The top closure will include 
the control rod entries as at Shippingport. 

Fuel will amount initially to about 17 
tons of natural uranium metal and 
about 23 tons of uranium oxide enriched 
to 1-5 pct. It will be cased in zirconium 
tubes a number of which will be held 
inside hexagonal zirconium casings 
through which the water will rise. There 
will be 349 of these casings, 10-5ft high 
and arranged on a triangular lattice. 

Steam will be generated at 230 tons an 
hour, 470 psi dry sat. in shell and tube 
exchangers, Canned motor pumps have 
been developed for this job delivering 
23,000 gpm against 70 psi. These are 
single-stage, vertical shaft units. Control 
of the reactor will be fully automatic, 
based on a constant primary coolant tem- 
perature. Overall station efficiency was 
claimed to be 27-5 pct and station con- 
sumption to amount to about 7} pct of 
the gross output. 

The other large station, Project 2, is 
apparently a development of the Rus- 
sian 5 MW station and will be graphite- 
moderated, water cooled. Overall, the 
Russians are planning to have an in- 
stalled nuclear output of between 2000 
and 2500 MWe by 1960. 

Smaller power projects in hand in- 
clude: a 70 MWe boiling water reactor 
for resonance stability work and investi- 
gations on prolonged operation of tur- 
bines on radioactive steam; a 30 MWt 
two-zone aqueous homogeneous reactor 
for power feasibility studies; a 150 MWe 
sodium-graphite reactor—this will use an 
intermediate NaK loop; a 50 MWe fast 
breeder working on Pu-239/U-238—this 
will have mechanical pumps in both pri- 
mary Na and secondary NakK circuits. 


UNITED STATES 
UN recommends $M6 for IAEA 


A commission of 18 members meeting in 
New York has produced a 55-page re- 
port and recommendation for the Inter- 
national Atomic Energy Agency. This 
is for consideration by the general con- 
ference, meeting ir Vienna on October 
1. The commission proposes a $M96 bud- 
get and a staff of 369, headed by a dir- 
ector-general, and including 15 divisional 
and other directors. They would admin- 
ister economic and technical assistance. 
research, isotope and reactor matters, 
waste disposal, health safeguards and the 
exchange and training of scientists and 
technicians. Priority attention is recom- 
mended to health hazards and to the 
increased use of radioisotopes as a re- 
search tool especially in less developed 
countries. ‘ The possibility of contamina- 
tion of the sea, air and waterways illus- 
trates the need for action by an inter- 
national body, says the report. It also 
calls for the creation of a reliable system 
of safeguards against the diversion of 
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fissionable materials to military use. 
Initial dependence on the more advanced 
member countries for trained manpower 
and training facilities is recognized, and 
also dependence on these countries for 
supply of fissionable materials and fuel 
fabrication facilities. 

Member countries of the commission 
include the UK, USA, the Soviet Union, 
Canada and France. President is Sr 
Bernardes of Brazil, vice-president P. 
Winkler of Czechoslovakia and execu- 
tive secretary Dr P. Jolles of Switzerland. 
A Bill passed by voice vote in the Sen- 
ate last month placed tight restriction on 
President Eisenhower's authority to hand 
over nuclear fuels to the International 
Atomic Energy Agency. In future each 
transfer would require specific approval 
by Congress. Earlier the restriction was 
rejected by the House of Representatives 
on a 298 to 99 vote. The measure was 
written into a Bill, passed by the House, 
providing for the appointment of US 
representatives in the Agency and detail- 
ing other aspects of American participa- 
tion. Two exceptions in the Senate’s re- 
striction are: no Congressional action 
will be needed for the transfer already 
promised of 5000 Kg of U-235; and the 
US would be authorized to give up to 
$10,000 worth of materials to one coun- 
try or $5,000 worth to a group of coun- 
tries in one year for research pro- 
grammes. 


HRE-2 critical at end of year 


Construction of the Homogeneous Re- 
actor Experiment no 2 at Oak Ridge is 
complete and re-operational testing is 
now in progress. Due to go critical at 
the end of this year, it is built in the 
same building as HRE-! which went 
critical in 1951 and was dismantled in 
1954 after two year’s successful opera- 
tion. HRE-2, previously known as the 
Homogeneous Reactor Test (HRT), is 
designed for a feasibility study of homo- 
geneous aqueous reactors for power, and 
is virtually a full-scale prototype power 
reactor. Fuelled by a solution of uranyl 
sulphate, highly enriched in U-235, in 
heavy water, it is a two-zone, forced 
circulation type operating on the thor- 
ium/U-233 breeding cycle. Core design 
is mechanically simple, being a sphere 
of 32in. inner diameter made of gin. 
Zircaloy-2. Pressure vessel is in stainless 
steel, 4-4 in. thick. 


No Calders wanted 


An attempt by the Joint Committee on 
Atomic Energy to have the Atomic 
Energy Commission sponsor a full scale 
natural uranium gas-cooled reactor was 
squashed last month when the House of 
Representatives voted against a JCAE 
majority report. This proposed to allo- 
cate the AEC $M40 to build the small- 
est practicable Calder-type reactor de- 
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signed for higher temperatures, and sug- 
gested that overall control of the project 
should be in the hands of Admiral Rick- 
over. The idea, according to Representa- 
tive Melvin Price (Dem. Ill.), a supporter, 
was to enable the US to compete more 
effectively with the British for overseas 
markets and to remove their depend- 
ance on the UK for information on this 
type. A strong minority report was 
attached and the House threw out the 
proposal. 

In a letter to JCAE members, AEC 
chairman Strauss said the Government 
should not have to embark on a large 
scale power programme and in any case 


chairman Clinton P. Anderson (Hem. 
NM) said he had been accused of trying 
to help two private organizations (West- 
inghouse and General Electric). He de- 
nied this and said they had proposed the 
reactor without regard to who might do 
the job . . . ‘anyone who says we are 
trying to favour some company and hold 
down some other, either does not know 
what he is talking about or does not 
care what he says.” 

Another reactor proposed by the JCAEF 
and thrown out by the House was for 
a plutonium recycle reactor experiment 
costing $M15. Total appropriations for 
$204,230,000 for new projects under the 





Now installed at ORNL, the HRE-2 core has an outer thermal shield fitted with 
helical cooling coils, surrounding the main pressure vessel. Inside this is the 
Zircaloy fission vessel 


the technical choice of reactors was with- 
in the special competence of the Com- 
mission, Furthermore, Mr Strauss said 
this reactor could only be little better, 
if any, than Calder Hall ‘ which we feel 
is already obsolete.’ He added that the 
JCAE’s move showed ‘a strong bias in 
favour of public power, government 
ownership and socialism.’ 

This defeat for the JCAE is another 
move in the long political struggle be- 
tween the Democrat-dominated Commit- 
tee and the AEC on the issue of Govern- 
ment participation in power projects and 
recalls the ill fated Gore Bill which failed 
to get House approval last summer. This 
would have given the AEC power 
which it does not want—to complete 
large prototype power plants instead of 
leaving this to industry. 

Speaking in the senate later, JCAE 


Commission’s regular plant and facility 
authorization were voted by the House. 

Meanwhile a private company is work 
ing on a gas-cooled reactor. In its annual 
report for the year ended April 30, ACF 
Industries Inc discloses that it has been 
doing preliminary design studies on a 
natural uranium reactor ‘to meet the 
needs of one section of the foreign mar 
ket.” ACF claim that, measured by kilo- 
watt output it is the nation’s leading 
manufacturer of commercial test and re- 
search reactors. 


Investment doubled in five years 


On June 30, the nations investment in 
atomic energy facilities was about 
$M7000—a doubling in five years 

according to the AEC’s 22nd semi-annual 
report published on July 31 in Washing- 
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ton. During the six-month review period 
eleven US-built reactors went critical: 
two of these are power plants—the 
Sodium Reactor Experiment and the 
Army Package Power Reactor. Of the 
others. six were for research and train- 
ing (one is the AMF pool at Amsterdam) 
and three were criticality experiments. 
In the same period construction began. 
major components were ordered or con- 
struction permits were issued for 22 re- 
actors. These include one AEC power 
experiment and 11 military power re- 
actors—presumably for submarine and 
other ships. Reactors planned at the end 
of the period were 35; seven of which 
are export. Six of the 35 planned are 
full-scale civilian power reactors, and 
one of these is for export. 

The United States has reached the 
position where her supplies of uranium 
from domestic and contract sources is 
foreseen as being enough for all her 
commitments for the next ten years— 
military, civil and international. Predicted 
production of uranium oxide is 10,800 
tons by the end of this year: 14,000 tons 
by the end of 1958. 

Progress on the plutonium problem is 
reported and four Pu fuel elements to- 
gether with three Pu shim fuel rods were 
put into the Materials Testing Reactor 
at Idaho Falls. Object of this is to pro- 
duce gram amounts of high Pu isotopes 
together with transplutonic elements and 
also to study irradiation damage. Shim 
elements will have 2 years in MTR, fuel 
elements 150 days. 

Two new aqueous processing systems 
are being investigated. Darex, under in- 
vestigation at ORNL and Idaho involves 
treating stainless-steel-bearing fuels with 
nitric/hydrochloric acid mixtures. The 
other is Zircex—also an ORNL project. 
This involves anhydrous hydrochlorina- 
tion of zirconium-bearing fuels under 
conditions such that the zirconium can 
be separated as a volatile product. In 
both processes the uranium stream can 
be converted to an aqueous uranyl nitrate 
solution and fed to a conventional 
liquid/liquid extraction system. This 
work is aimed at reducing processing 
costs before private industry enters the 
field. 

Contribution of isotopes to the 
national economy is officially estimated to 
amount to the staggering figure of about 
$M400 a year. Over 4000 organizations 
are now licensed to use isotopes and the 
number is growing rapidly. A curious 
item is the disclosure that a small ship- 
ment of carbon-14 for the Moscow Bio- 
chemical Institute was recently approved 
by the AEC. Demand for certain isotopes 
—notably tritium and _ krypton-85—is 
now said to exceed supply. Cobalt-60 is 
also in heavy demand and the AEC are 
making arrangements to increase produc- 
tion. 
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WORLDBRIEFS 


Agreement was signed on August 1 in 
Turin between Westinghouse Electric 
International president W. E. Knox and 
Fiat president Vittorio Valletta under 
which Fiat will build Westinghouse pres- 
surized-water and other reactors. The 
two companies already have a series of 
licence agreements in other fields. Edison- 
volta, Italy’s largest electricity under- 
taking, ordered a 134 MW pressurized 
water reactor from Westinghouse last 
December. 


Yankee Atomic Electric to be given con- 
struction permit by AEC for 134MW 
nuclear power plant at Rowe, Mass. 


US Navy have ordered construction of 
80,000 ton atomic-powered carrier. Over- 
all flight-deck to be 1088 ft; cost about 
£M107; scheduled for completion 1961. 


Installation of million kW atomic power 
in India by 1965 is technically feasible, 
says Dr H. J. Bhabha, Indian AEC 
Chairman. Difficulties are technical and 
economic. 


Twenty students have been enrolled at 
Nuclear Energy Training Centre at 
Baghdad. Director of Centre is W. J. 
Whitehouse, ex-Harwell; British equip- 
ment was installed earlier this year. Aus- 
tralia will contribute source materials 
and research results to IAEA. 


Permits for the construction of seven- 
teen low-power reactors—1/10 to 5 watts 
heat output—have been granted to 
Aerojet-General Nucleonics . of San 
Ramon, California. 


Dutch government is to give financial 
support to the Netherlands Reactor 
Centre’s 3-year plan, which includes 
study of nuclear ships. 


Re-elected Sir Luke Fawcett and Sir 
Ivan Stedeford as part-time members of 
the UKAEA. Sir Luke to Dec 31, 57, Sir 
Ivan to July 31, 59. 


Draft of new code to protect factory 
workers from radiation hazards was pub- 
lished on July 24 by Ministry of Labour. 


Heavy water production from Farbwerke 
Hoechst’s new plant near Frankfurt will 
amount to about 10 tons a year. Process 
is distillation at minus 250 deg. C. 


Tokyo was objective of mission from 
English Electric/Babcock & Wilcox /Tay- 
lor Woodrow atomic group. It included 
Babcock’s W. R. Wootton and A. Reishel 
and EE’s J. F. Herbert 


Prime Minister visited both Harwell and 
the Weapons Establishment at Alder- 
maston last month. Mr Macmillan told 
Aldermaston workers—your skill will be 
equally needed in the task of peaceful 
development 


WOoRLDViIEw 


Burma Atomic Energy Centre has had a 
two-year development plan prepared for 
it by Dr R. F. Humphreys of Armour 
Research Foundation, Chicago. It will 
concentrate on setting up laboratory faci- 
lities and training scientists. 


Power was produced for the first time by 
the Sodium Reactor Experiment, Santa 
Susana, California on July 12. Output 
was about 1MW and this will be raised 
to 6-5 MW by the year’s end. 


Israel’s benefit from atomic energy can- 
not be very great before about 1965 
according to a report issued by the 
National Planning Association in the 
United States last month. In the long run 
nuclear power might open up new 
sources of irrigation and help develop 
the mineral resources of the Negev. 


Brazil is to get 550 kg of contained 
U-235 from the USAEC for a power 
reactor and a materials testing reactor. 
Agreement is for 20 years. 


Critical, at Saclay July 9, the French EL3 
heavy-water moderated high-flux test re- 
actor. Message from Pierre Guillaumat, 
Commissariat 4 Energie Atomique Ad- 
ministrator General to USAEC thanked 
them for 2,500 kg of U-235. 


OEEC has been presented with an exten- 
sive collection of documents, prepared by 
the AEC, containing all declassified US 
information on nuclear energy not pub- 
lished in scientific and technical journals. 


Spain has signed a cooperative agreement 
with USA under which 500 kg of U-235 
will be provided over a 10-year period. 


Peruvian atomic chief General Jorge 
Sarmiento was in Britain for three weeks 
recently visiting Calder, Harwell, several 
universities and industrial nuclear estab- 
lishments. 


Hungary’s small experimental reactor 
near Budapest is expected to start operat- 
ing in 1958-9. To be used as a training 
ground for engineers for the projected 
power station. 


UNESCO conference on radioisctopes in 
scientific research will be held in Paris 
from September 9 to 20, with Sir John 
Cockcroft as president. 


Electric Boat Division of General Dyna- 
mics Corp is to build smallest yet atom 
submarine; cost—about $MS5SO0. 


Licence for the manufacture of Westing- 
house nuclear equipment has_ been 
awarded to two Belgian firms, Ateliers 
des Constructions Electrique de Charleroi 
and Cockerill-Ougrée. 









































































The Commissariat a I’Energie Atomique’s industrial centre in 
the South of France includes one of the world’s first 

nuclear power stations—G/. 
more powerful reactors will be in operation, producing 
plutonium and electricity 


MARCOULE LIES on a south-facing hillside overlook- 
ing the right bank of the Rhéne about 15 miles upstream 
from Avignon and is sheltered to the north by La Dent 
de Marcoule, a rocky bluff rising to about 700ft. The site 
was chosen because: it is remote from large centres of 
population, yet reasonably accessible ; the Rhéne provides 
ample cooling water and a drain for low-activity effluent ; 
all buildings are well above flood level, yet not so high 
as to make pumping power prohibitive ; it is nowhere near 
an airport, so the high stacks are not an embarrassment. 


Eighteen months to build G1 


The work is now nearing completion and next year will 
see it through. There will then be three natural-uranium, 
gas-cooled reactors and a plutonium separation plant with 
a graphite machining plant as an ancillary service. Con- 
struction of Marcoule’s first reactor, G1, started in Septem- 
ber 1954 and it went critical on January 7, 1956, after the 
very short construction period of only 15 months. Inci- 
dentally it diverged with a charge of only about 20 tonnes 
of natural uranium which underlines the very high 
nuclear qualities of French reactor materials. 

The core is a horizontal cylinder 29ft long and 31ft dia, 
including 2ft of reflector all round. It is not strictly a 
single cylinder but two, end-to-end, separated by a 3in. 
gap through which the coolant—filtered air—enters and 
flows outwards through the two halves. Coolant channel; 
number 1337 and at 2}in. dia (70 mm) contain the 2+in. 
o.d. (62 mm) fuel elements. These cartridges are 12ft 
6in. long and one lies in each half of the core channels. 
The actual uranium slugs are about lin. (26 mm) dia and 
about 4in. (100 mm) long. They are canned in an extruded 
magnesium can with eight longitudinal straight fins run- 
ning the whole length. The total fuel charge is about 100 
tonnes for a thermal output of 40MW. 


Outdoor turbine plant 

Cooling air is drawn in through a 82ft high stack and 
filtered to remove 97 pct of atmospheric dust. Four 
2600kW motor-driven blowers supply the air to the centre 
inlet of the core but it is cooled to 18°C before delivery. 
On leaving the two ends of the core the flows rejoin and 
are taken by an underground duct to a heat exchange 
section in the open air where saturated steam is raised 
for use in a vertical shaft turbine with an MCR of 
5‘75MW. The air is finally discharged through a high 
stack with a deflector on the top to ensure it is fully 
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Soon two much 


Report froma 


by The Editor, Nuclear Power 


dispersed. The heat recovery plant of Gl was not en- 
visaged originally but was included during construction 
at the request of Electriciteé de France who wanted to 
obtain operating experience with a nuclear power plant; 
the system was fully described in NUCLEAR POWER Vol | 
pp 211 ff (Sept and Oct 1956). 

Returning to the reactor, the control rods are mounted 
vertically and penetrate between the horizontal fuel chan- 
nels. Charging is not done under load but the horizontal 
layout permits charging and discharging at opposite ends 
of the core. A new cartridge entering the first half of the 
core is used to push out a spent one from the second half 
into a lift in a shielded space. Here it is placed in a con- 
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Site layout of reactors G2 and G3 shows they are 
separate production units. Heat exchangers, turboalter- 
nators and turbocirculators are all outdoor 


tainer and lowered to an underground storage space to 
await transport after cooling to the separation plant. This 
method ensures a uniform burnup, for slugs undergo a 
period of irradiation in each half of the core. 

Gl first delivered power in September 1956. Next month 
however there occurred a fuel element burst and the clad- 
ding caught fire. About three-quarters of one element 
melted and particles of uranium oxide became embedded 
in the graphite. A special tool was devised for clearing 
the hole and the pile was re-started in January 1957. 
Since then, there has been a further outage while an 
additional heat exchanger section was fitted. This was 
completed in July and it is now hoped to work the plant 
up to rated output. Gl’s first consignment of plutonium 
is expected to be ready for the separation plant by the 
end of the year. 
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Increasing plutonium production 

When approval was given for Gl’s construction, the build- 
ing of a more powerful reactor, G2, was included, Gl 
and G2 to have a combined annual output of about S0kg 
of plutonium. In 1955 however, it was decided to double 
up on this and a twin for G2, G3, was approved. G2 is 
now in an advanced stage of construction and is due 
critical next spring with G3 following about six months 
behind. 

Broadly similar in conception to Gl, G2 and G3 differ 
greatly in detail. The horizontal channel layout is retained 
but the coolant is now pressurized carbon dioxide and it 
is no longer supplied to the centre of the pile, but enters 
and leaves from the same end. Turbine plants are incor- 
porated from the start and each reactor will produce 
40MWe net, the main circulators being turbo-driven and 
thus not encroaching on this output. The gross output is 
therefore almost exactly the same as Calder Hall A, and 
the two plants strictly comparable. GI and G2 although 
identical are completely self-contained production units. 
They will have two features that will make them unique 
for a time: prestressed concrete pressure vessels and on- 
load fuel charging. 

Prestressed shell 
The reactor core is a horizontal octagonal cylinder about 

Gl heat recovery plant is quite separate from the reactor 

building. Three boilers in cascade fed from a single heat 


exchanger (foreground) supply a 5°75MW vertical shaft 
turboalternator (between legs of crane) 


















































Air for Gl reactor—housed in the completed building— 

is taken through the nearest stack. After passing through 

the reactor and heat exchanger it is discharged through 
the far stack 


34ft long by 32ft dia including 3ft reflector all round. 
Graphite blocks, made by the Péchiney company at their 
factory at Chedde, are machined in a special shop at Mar- 
coule. They are 200 mm square in section, about 4ft long 
and each standard block has a half-round groove in two 
opposite sides which, when the blocks are fitted together, 
form the 70 mm dia cooling channels. The size of these 
blocks determine the lattice pitch which is thus also 
200 mm (about 7Zin.). There are 1200 channels. The fuel 
is natural uranium of the same diameter as the GI slugs 
(26 mm), but in G2/3 they are 30 cm long. These are 
sheathed in finned magnesium cans which lie in the hori- 
zontal channels. Total fuel charge is about 100 tonnes. 
The whole core is mounted within a closed thermal 
shield forming part of the gas distribution system. This 
in turn is supported on the floor of the massive pressure 
vessel which is designed to give adequate support against 
core flexure. The form of this can be seen from the illus- 
trations. It is cylindrical with re-entrant hemispherical 
ends, the whole structure merging below into an immense 
concrete block. Prestressing is by the Freysinnet system 
with circumferential and longitudinal cables, postensioned. 
The shell is 46ft i.d., about 10ft thick and 110ft long: 
it is lined throughout with steel sheet of about 1 mm 
thickness but it should be emphasized that this contributes 
no strength to the shell and only provides a leak-tight seal. 
The pressure vessels on Gl and G2, which of course are 
also biological shields will be tested to 430 psia and will 
normally run with a gas pressure of about 215 psia. 


Zoned gas distribution 


About 80 tons of CO, will be circulated through each re- 
actor by a pair of 3850kW geared vertical shaft turbo- 
blowers, a smaller 2350kW set being held for standby 
duty. There is quite a considerable space between the con- 
crete liner and the thermal shield containing the core, and 
the main pressure shell is cooled by carbon dioxide sup- 
plied by an independent motor-driven secondary gas cir- 
culation system. The shield cooling gas enters at 77°F, 
leaves at 80°F. 

The gas distribution system is complicated. The reactor 
core is divided into inner and outer annular zones but the 
exit zones do not correspond directly with the entry 
zones. Gas is led from the circulators in circular ducts to 
one face of the reactor and from thence to the two inlet 
zones. Outlet ducts lead back through the same face to 
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the four heat exchanger towers mounted outside the re- 
actor buildings. Temperatures and flows in the core are 
as follows, for a heat output of 200MW: 





Temp “C flow Ib/s 
Inner zone, entry 80 1160 
Inner zone, exit 305 1810 
Outer zone, entry 150 1030 
Outer zone, exit 354 390 


Total flow 4390 Ib/s 


Carbon dioxide is stored in liquid form at —20°C and 90 
tons are held in 3 vessels at 140 psi. There are two 
evaporation sets for each reactor with a capacity of 2 tons 
an hour. Fully charged, a reactor holds about 80 tons of 
gas and for make up about I! tons of evaporated gas is 
held in six vessels. In the working circuit, a continuous 
clean up system is used and about 2 Ib/s are bypassed, 
filtered on paper, passed over an activated charcoal bed to 
remove any oil or moisture and finally dried on alumina 
before returning to the circuit. 


Triple-pressure cycle 
The four boilers or heat exchangers are connected to the 
reactor in parallel and are steel shells 106ft high, and 
lift 9in. dia. These were delivered in one piece by road 
transport from near Paris a distance of about 750 miles. 
Inside, the exchangers have economizer, evaporator (h.p. 
and i.p.) and superheater (h.p. and i.p.) sections, the gas 
flowing counter to the water in three vertical passes. Water 
and steam tubes are vertical and have extended surfaces. 
Steam is generated at three pressures as follows: 
Low pressure—7 psia, 178°F by flashing water from the 
economizer outlet in a drum. 
Intermediate pressure—31 psia, 340°F, by superheating 
steam from the IL.p. drum. 
High pressure—150 psia, 630°F from the h.p. super- 
heater. 
Steam is taken to the turboalternator which has three 
admissions. This is a normal horizontal shaft machine 
with an MCR of 40MW and directly coupled to a 
45MVA, 10°5kV alternator generating at 50 c/s, 3000 rpm. 
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WHAT IS MARCOULE FOR? 


The keystone of France’s first atomic five-year plan, started in 
1952, was plutonium production in large gas-cooled, graphite 
moderated natural uranium converter reactors using fuel pro- 
duced from her considerable reserves of uranium ores. In met- 
ropolitan France alone, these are estimated to amount to 
between 50,000 and 100,000 tons of metal and her overseas 
territories—particularly Madagascar—are believed to be very 
rich in ores. 

Building plants to mine and process these ores was a large 
part of the first five-year plan but Marcoule represents the 
ultimate—the factory where the precious plutonium will be 
produced at the rate of about 100 kilogrammes, about 2 cwi, 
a year. The plutonium is bred from uranium in the reactors 
and then separated chemically. 














The power unit is in the open air and the output is 
stepped up to 62kV for distribution to the grid. A secon- 
dary transformer steps down to 5:5kV for station use. 


Steam dumping 


The flow rate to the condenser is about 200 tons an hour 
which requires approximately 11 tons a minute of cir- 
culating water. 

For start up and reduced power operations a dump 
condenser capable of handling the whole output is fitted 
and the turbine condenser can also be used for dumping, 
desuperheaters being fitted in each case. A vacuum of 
about 27}in. is maintained in the dump condenser by an 
extraction pump. Details of steam flows are as follows 
(kilopounds an hour): 

turboalternator: h.p. 378 i.p. 52 Lp. 25 

turbocirculator: i.p. 98 TOTAL STEAM 553 klb/h 
The reactor halls for G2 and G3 are vastly impressive. 
simply constructed in box-section steel portal frames clad 
largely with corrugated panels and glazing. They are 
240ft long and 217 ft high and the pair are ranged side 
by side wit ‘ow ancillary buildings between. 
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WHY PLUTONIUM ? 


In Britain we produce it for weapons but so far France has 
not said she will make an atomic bomb. On the other hand 
she has not definitely renounced the possibility and it is be- 
lieved that Marcoule’s plutonium—like Calder Hall’s—will be 
of the very pure weapons grade. Thus France will have a 
stockpile should she need it. The French believe however that 
the key to economic atomic energy lies in using plutcnium in 
advanced nuclear reactors and although neither they nor any- 
one else has found out exactly how to do this they fully intend 
to make it work. This will form an important part of her 
second five-year plan, just commenced. Another fuel is pos- 
sible for advanced reactors—uranium 235. This can be obtained 
a present only from America, but France is now considering 
building a plant for this although the product would be very 
expensive, 











Spent elements discharged by gravity 


Charging of Gl and G2 will be done on load without de- 
pressurizing. Fresh elements, inside a purged flask are 
brought up on a horizontal charging machine to the 
charge face which is provided with standpipes through 
the concrete. As the new element is pushed into one end 
of the fuel channel in the core, a spent one is ejected from 
the other end into one of a series of downward sloping 
chutes leading out through the thermal shield and pres- 
sure shell at the gas entry end of the core. The chutes 
connect outside the pressure shell, but still behind heavy 
shielding, to vertical ducts containing a spiral slide which 
convey the hot slug to the basement at a controlled speed. 


When NUCLEAR POWER visited Marcoule in July, both 
G2 and G3 buildings were virtually complete. The cylin- 
drical portion of G2’s pressure vessel had been poured 
and formwork was being erected for the dished ends. No 
core laying had been started. An interesting erection fea- 
ture was the use of a tall ‘ goal-post’” gin pole for raising 
the heat exchanger shells on to their bases. This was done 
with the shells empty, the tubing and steam drums being 
installed after erection. 
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Shot of early stage in G2 construction shows reactor 
foundations—the reactor pressure shell is now complete 
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G2 and G3 will each have four of these heat exchangers. 
Gas is brought in at two temperatures and makes three 
passes over the tube banks 
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Two of G2’s heat exchangers are already erected—two 
more will 
brought in one piece 750 miles by road. Gantry crane in 


follow. Over l00ft high, the shells were 


foreground is permanent and serves power plant 
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Simplified flow sheet for G2/G3 shows how steam is 
raised at three pressures. Gas circulation is by turbo- 
blowers run off the i.p. steam range 


The turbines and gas circulators are all in the open air 
with the units for both reactors served by a single travel- 
ling gantry crane. 


TBP solvent extraction 
Nearing completion on the higher ground towards the 
north of the site, is the striking plutonium separation 
plant. Basically a rectangular building almost entirely in 
massive shielding concrete, its unusual appearance is due 
to the viridian glass curtain walling panels that enclose 
the exterior working areas round the active cells. 
The process used for separation is very similar to those 
used in the USA and in England but was devised com- 
pletely independently. Indeed work started on the plant 
3 months before the Geneva conference (Aug 1955) and 
the French engineers claim that although much informa- 
tion was disclosed at Geneva they saw no reason for 
altering the system they had chosen. This is straightfor- 
ward dissolving in acid, and solvent extraction with tri- 
butylphosphate in kerosene, with some new twists. 





MARCOULE AND CALDER ... HOW THEY COMPARE 
Reactors G2 and G3 at Marcoule correspond very closely 
in total output with Calder Hall A station 








MARCOULE CALDER HALI 
G2 reactor one reactor 
Turbine capacity, MW 40+-7.7—47.7 2x 23=46 
Gas inlet temp. °F 176, 302 (2 zone) 284 
Gas outlet temp. °F 580, 670 (2 zone) 637 
Gas pressure psig 200 100 
Steam pressures psia 150, 31,7 210, 63 
Core diameter feet 26 31 
Core length feet 28 21 
Lattice pitch inches 7.86 8.00 
No of channels 1200 1696 
Channel dia. inches 2.75 4.16, 3.95, 3.61 
Total uranium tonnes 100 130 
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Moderator graphite blocks for the Marcoule and other 
French reactors are machined in this one shop. Nearest 
machine shows duct collecting hood and extract pipe 


Ahundred kg of Pu a year 

On arriving at the Pu plant in a heavily shielded con- 
tainer On a special vehicle, the slugs are raised to the 
upper storey to begin their treatment. At this stage the 
rods have been decanned but they are first given an acid 
treatment to remove traces of Mg left from the can. They 
are then dissolved completely in nitric acid and passed 
to the extraction columns which produce three aqueous 
streams: fission products, depleted uranium and _ pluton- 
ium. The plutonium stream after purification in ion ex- 
change columns is precipitated as an oxalate. 

When the plant is commissioned, later this year, all the 
highly active cells will have been sealed off with con- 
crete and further access will be impossible. As in British 
practice, all vessels and pipes are in welded stainless steel 
with no valves or pumps in the highly active parts. Alpha 
protection in the access areas is given by an air condi- 
tioning system using the principle of inward leaks through- 
out. Exhaust air is discharged through a 250ft-high stack. 
The plant is designed to produce at least 100 kg of plu- 
tonium a year and will be manned 24 hours a day by a 
staff of about 350 men. 


Graphite on the spot 

All the moderator blocks for Gl, G2 and G3 and the 
reflector blocks for Saclay’s new EL3 heavy-water re- 
search reactor were machined in a special atelier set up 
at Marcoule. Rough billets arrive from the Péchiney 
graphite factory in cardboard boxes and kept in a store 
adjacent to the machine room. The blocks are first lifted 
onto a roller conveyor by air-hoist and then passed to a 
pair of band-saws that square up the rough ends. The next 
step is milling the edges, two at a time, separate machines 
carrying out the two operations required. Transfer be- 
tween machines is on the roller conveyor and the work- 
pieces are pneumatically clamped into fixtures for 
machining. The two ends are then milled on separate 
machines and the blocks are now exactly to size. The 
milling cutters have usually six cutting edges formed by 
disk-shaped cutters bolted to rotating chucks. These 
machines are by Entreprises Schneider. As already men 
tioned, G2 and G3 blocks are 20 by 20 cm in section 
and about 4ft long and have a groove of semicircular 
section cut along two opposite edges so that when a pair 
of blocks are butted the fuel rod channel is formed be- 
tween them. These grooves are cut by similar milling 
cutters. Each block travels with its own work sheet which 
States what operations are required on it, for of course 
some blocks are of special shape to accommodate control 
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rods, etc. At the end of the line the block with its work 
sheet is wrapped in polythene sheeting, cartoned and 
stored. A big vertical spindle milling machine with turn- 
table was used for making reflector blocks for EL3. 

Every machine has a most efficient dust extract system 
and although the floor was a trifle slippery there was no 
sign of dust in the atmosphere. The plant appeared to 
operate with a shift of about a dozen men who wear 
simple white overalls, caps and gloves. Throughput of 
graphite in this small factory covering an area, one esti- 
mates, of about 35 by 75 ft is said to be about 3000 tons 
of machined blocks a year. 


France’s power plans 


While Marcoule’s reactors will provide the first atomic 
power in France, her first commercial power station will 
be Electricite de France’s EDF1 plant at Avoine on the 
Loire, near Chinon. Due for commissioning in 1959 with 
an output of 60MW from a single reactor it is also a gas- 
cooled natural graphite plant. The horizontal fuel channel 
layout has however been abandoned in favour of the ver- 
tical and the core will be contained in a steel pressure 
shell designed for 360 psi gas pressure. A model of the 
EDF1 is on view at the Het Atoom exhibition in Amster- 
dam and it shows a core vessel and heat exchangers all 
within a spherical containment shell. Under France’s 
second five-year atomic plan, further EDF stations of in- 
creasing output are scheduled to follow at 18-month 
intervals. 


They built Marcoule 

Principal contractors at Marcoule include 
REACTOR G1 
SOCIETE ALSACIENNE DE CONSTRUCTIONS MECANIQUES: coordin- 
ation and construction 
SOCIETE ALSTHOM: electricity generation plant 
SOCIETE DES FORGES ET ATELIERS DU CREUSOT: construction 
SOCIETE RATEAU : turbine plant 


REACTORS G2 and G3 
The above companies plus 
LE GROUPE LOIRE-PENHOET 


PLUTONIUM SEPARATION PLANT 

SOCIETE SAINT-GOBAIN 

GRAPHITE PLANT 

COMPAGNIE INDUSTRIELLE DE TRAVAUX ENTREPRISES SCHNEIDER 


The head of the Marcoule plant is M. Pierre Taranger, Indus- 
trial Director of the Commissariat 4 Energie Atomique. 


Most striking building at Marcoule is the 100 kg-a-year- 

plus plutonium extraction plant. Operating areas are 

behind glass curtain walling surrounding the heavy 
concrete active cells 
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The most promising way of raising temperatures in Calder-type 


reactors is by using better canning materials for fuel elements. 


what is known about one of them — 


Here is 


BERYLLIUM 


G. L. MILLER PhD, ARIC, MiChemE, MinstMM 


Research Manager, Murex Ltd 


ALTHOUGH THE PRODUCTION of beryllium has been 
established for about twenty-five years the usage of un- 
alloyed metal has until recently been limited to very small 
quantities for such specialized uses as x-ray windows. By 
far the major part of the output of the beryllium industry 
has been in the form of beryllium copper. 

Beryllium oxide is used in fair quantities. It is a very 
good refractory material with a very high melting point, 
excellent resistance to thermal shock, high seat conduc- 
tivity and absence of contamination to the melt. 

The beryllium industry is an expanding one as is shown 
by the fact that usage of beryl ore in the USA increased 
from 200 short tons in 1937 to nearly 3,500 tons in 1952. 
In the last few years beryllium has attracted considerable 
attention from the designers of nuclear energy equipment 
because of its low neutron-absorption cross-section coupled 
with its ability to moderate the velocity of neutrons. A 
more recent development is the suggestion that beryllium 
could be used as a structural material for aircraft. 

Beryllium industries were established almost simultane- 
ously in America and Germany but as production has been 
discontinued in Germany since the war the main industry 
has been confined largely to the USA. Production in the 
United Kingdom is confined to the UK Atomic Energy 
Authority’s plant at Milford Haven operated by Murex 
Ltd, and the pilot plant operated by Imperial Smelting 
Co at Avonmouth. 

The future of beryllium can be gauged from the fact 
that the United States Government has just contracted for 
one million pounds of metal. 


Occurrence of ore 

Beryllium is widespread in nature and occurs in several 
forms but the only commercial source of the metal is 
beryl, a beryllium aluminium silicate. This mineral has a 
theoretical beryllium content of 5 per cent but the com- 
mercial form contains between 3-5 and 4-2 per cent. The 
mineral does not occur as concentrated deposits and is 
generally obtained as a by-product from the mining of 
feldspar, lithium or mica. As the density of the beryl is 
very similar to that of quartz, feldspar and common 
gangue materials, it cannot be recovered by hand picking 
which is not only laborious and therefore expensive, but 
inefficient, recovering only about one-third of the beryl. 
Investigations are proceeding in the USA to develop 
methods capable of up-grading fine-grained beryl but so 
far no success has been obtained. It is probable that the 
failure to produce results is linked with a fairly easy sup- 
ply of beryl from other sources and if the position were 
to change a more intensive effort would yield the desired 
results. It also appears that efforts are being dissipated by 
too many projects instead of concentrating on a few. The 
low grade ores are enormous in extent; it is estimated that 
the beryl in the tin spodumene belt, North Carolina, 
USA, totals 823,000 tons. 

The estimated total inventory of beryl ore in the United 
States is equivalent to 2,300,000 tons (short) of beryllium 
metal.!” (3) 

World reserves of beryl have been estimated at 210,000 
tons (short) as 1-0 per cent ore and 3,800,000 tons (short) 
as 0-11 per cent quality. The major sources of the 1-0 per 




















Table | 
PRODUCTION OF BERYL IN VARIOUS COUNTRIES—long tons 
Producing Country 1948 1949 1950 1951 1952 1953 1954 1955) 
BRITISH COMMONWEALTH 
Kenya — — — ] — — _ 
Northern Rhodesia — - 5 4 8 5 ] 20 
Southern Rhodesia — — 832 991 1,060 1,584 962 965 
South West Africa 88 235 648 741 529 527 504 472 
Tanganyika 2 | _ _ a —_ _ _ 
Uganda 48 16 70 2 — 50 69 110 
Union of South Africa — 220 830 583 369 474 181 126 
India a a a 211 600‘) 1999) 392) 845 
Australia 55 35 23 112 87 125 149 230 
FOREIGN COUNTRIES 
Portugal a 3 51 100 92 370 329 327 
Belgian Congo _ — — — — 7 44 362 
Madagascar 9 27 478 522 391 461 579 316 
Morocco (French) 50 157 55 83 127 32 15 2 
Mozambique 16 133 260 226 205 215 500‘) 960 
United States (mine shipments) 89 424 499 432 460 671 669%) 500 
Argentina » 49 b— b— > » 49) » 610 1,280 1,488 
Brazil 1,422 2,239 2,166 1,713 2,836 1,899 1,581(9) 1,820 
Dutch Guiana _ _ _ inn ae 2 9 io 
Total 2,000 3,700 6,100 5,720 7,500 7,399 7,264 8,543 
® Information not available » Imports into the United States 
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cent ore are Brazil (95,000 tons), Argentine (31,000 tons), 
South Africa (19,000 tons), Southern Rhodesia (13,000 
tons) and India (13,000 tons).? 

The production of beryl from different countries is 
shown in Table I.‘ 

The bulk of the beryl produced is shipped to the USA, 
eg. in 1952, 1953 and 1954 the import figures were 5,978, 
7,998 and 5,816 short tons respectively. 

American consumers have no fear of a beryl shortage 
and point out) that in 1952 the imports and domestic 
production totalled 6,493 tons (short) while the usage was 
only 3,476 tons (short). In 1953 the position was even 
more favourable and in the first 10 months of 1956 10,000 
tons of beryl were imported and only 4-5,000 tons used. 
It is considered that even if the usage of beryllium ex- 
pands as the result of nuclear energy applications, there is 
no reason to be concerned about the ore supply position, 
at least for some years to come. 


Oxide production 

There are two main industrial processes employed for 
treatment of the ore and they both produce the element 
in the form of beryllium oxide. In the first, known as 
the Copaux process, the beryl is crushed and mixed 
with sodium silico-fluoride and heated to about 750°C 
when sodium beryllium fluoride is formed which is re- 
covered by water-leaching. The solution is treated with 
caustic soda to give insoluble beryllium hydroxide which 
is filtered, washed, dried and calcined to form beryllium 
oxide. In one variation of this process the sodium fluoride 
in the filtrate from the hydroxide precipitate is recovered 
by the addition of ferric sulphate. The sodium ferric fluor- 
ide precipitated is recovered by filtering, and can be used 
to replace sodium silico-fluoride in the initial operation. 

This is the process operated by Murex Ltd at the 
UKAEA plant at Milford Haven: it has been described in 
detail.’ The production of beryllium metal is similar to 
that employed by the Degussa Company which is des- 
cribed later but one innovation which should very con- 
siderably improve operations is the use of a removable 
nickel cathode, so that the deposited beryllium can be 
removed from the fused bath with very little adhering 
metal instead of the more cumbersome method used at 
Degussa. Operations at Milford Haven cover all stages 
of the process from the ore to the finished metal powder. 

The second process is that devised by the Brush Beryl- 
lium Co, who discovered that when beryl ore is melted and 
quenched by pouring into cold water, it becomes amen- 
able to attack by sulphuric acid producing a solution of 
aluminium and beryllium sulphates. The addition of 
ammonium sulphate forms ammonium alum which is 
separated by crystallization. Beryllium hydroxide is preci- 
pitated from the liquors by sodium hydroxide and con- 
verted to oxide by calcination. 

Another process'?) which was operated in Germany but 
has been discontinued was to fuse the beryl with lime 
and then to treat the product with sulphuric acid to pro- 
duce a solution of aluminium and beryllium sulphates 
from which the beryllium was recovered in a manner 
similar to that described above. 


Conversion to metal 

There are two industrial processes for the production of 
beryllium metal, (a) the reduction of beryllium fluoride 
with magnesium and (b) the electrolysis of beryllium 
chloride. The bulk of the beryllium metal is produced by 
the former process which finds particular favour in the 
USA. This is also the method employed on a pilot scale 
by the Imperial Smelting Corporation on behalf of the 
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UK Atomic Energy Authority. The flow sheet of the 


process is as follows: (?:/% 


1. Production of high purity ammonium beryllium 
fluoride salt 
2. Thermal decomposition of ammonium beryllium 
fluoride to beryllium fluoride 
3. Reduction of beryllium fluoride to beryllium metal 
with magnesium metal, and 
4. Vacuum casting 
The first step is performed by dissolving beryllium hy- 
droxide, beryllium oxide or beryllium metal scrap in 
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Fig 1 Metal production at an Imperial Smelting pilot 

plant uses reduction of beryllium fluoride with magnesium. 

One step in the process is the decomposition of ammon- 
ium fluoberyllate in a gas-heated iurnace 


ammonium bifluoride followed by separation of impuri- 
ties and concentration of the solution to yield ammonium 
beryllium fluoride crystals. The dried crystals are decom- 
posed at Imperial Smelting Corporation Ltd in a special 
furnace shown in Fig 1. The retort was maintained at 
800-850°C and increased to 900°C before tapping each 
batch of fused beryllium fluoride. The other product of 


A beryllium oxide plant is operated at Milford Haven by 
Murex Ltd for the United Kingdom Atomic Energy 
Authority. Here a Sweetland filter is discharged 
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decomposition, ammonium fluoride, passes Out as a vapour. 
Fused beryllium fluoride is not very hygroscopic and can 
be stored without special precautions. 


High frequency heating 
The reduction of beryllium fluoride with magnesium takes 
place at 900°C and to ensure good separation of the metal 
and magnesium fluoride the product is heated to above 
the melting point of beryllium (1283°C). The reduction 
is carried out in a graphite crucible heated by high fre- 
quency current and when complete the molten charge is 
poured into another graphite crucible where it cools, after 
which the block of metal and slag is wet milled to separate 
the beryllium metal pebbles from the slag. Approximately 
31 Ib of metallic beryllium is recovered from each furnace 
charge representing a yield of 62 pct. The remainder of the 
beryllium is recovered and re-cycled. 

The metal produced contains approximately 97 pct 
beryllium with a total metallic impurities content, exclusive 
of magnesium, of from 0-2 to 0-5 pct. The carbon content 





Tunnel kiln cars loaded with roasted beryl/sodium silico- 

fluoride briquettes at the Milford Haven plant. After 

kilning sodium beryllium fluoride is recovered by water 

leaching, treated with caustic soda and calcined to give 
beryllium oxide 


is approximately 200 p.p.m. while the BeO content is about 
0-1 pet. The magnesium content as metal and fluoride may 
be as high as 1-5 pet. 


Purification 

The beryllium pebbles are purified and consolidated by 
vacuum melting and casting. The charge is melted in a 
beryllia crucible and poured into a graphite mould, the 
whole operation being performed in vacuo of about 300 
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Fig 2 Further steps in pro- 

cess of Fig. 1, is the reduc- 

tion of magnesium beryllium 

fluoride in a bottom-tap- 
ping crucible 


microns. The vacuum treatment does not affect the impuri- 
ties contained in the beryllium with the exception of the 
slag and magnesium content. A typical analysis of such 
vacuum cast ingot is shown in Table II.” 





Table Il 
Analysis of Typical Vacuum Cast Ingot 
Be 99°5 pct 
. 400 p.p.m. 
Fe 1100 p.p.m. 
Mn 70 p.p.m. 
Cr 90 p.p.m. 
Ni 130 p.p.m. 
Mg 500 p.p.m. 
Al 600 p.p.m. 
B 12 p.p.m. 
Cd <0°5 p.p.m. 
Li <1 p.p.m. 
Ag <5 p.p.m. 
Co approx 2 p.p.m. 


The reduction procedure at Imperial Smelting Corpora- 
tion Ltd is somewhat different to that described above. 
Stoichiometric quantities of magnesium beryllium fluoride 
were charged into a graphite or plumbago crucible con- 
taining fused calcium chloride heated to 1009-1100°C. The 
crucible was heated by gas as shown in Fig 2. 


Electrolytic method 

Production of beryllium by electrolysis of beryllium 
chloride was the method operated in Germany.'?) More 
recently US operations have been described.) The pro- 
cess is carried out in the following steps: 

1. Production of crude beryllium chloride 

2. Purification of beryllium chloride 

3. Electrolysis of fused bath of beryllium chloride and 

sodium chloride (potassium chloride is sometimes 
used as well) 

The crude beryllium chloride is produced by chlorina- 
tion of a briquetted mixture of beryllia and carbon. The 
product is a light powder with intense hygroscopic proper- 
ties. The major impurities are iron, aluminium, and silicon 
present as chlorides. The iron can be separated by reducing 
it to ferrous chloride which is retained. The aluminium 
and silicon chlorides are more volatile than the beryllium 
chloride and can be separated by heating the condenser, 
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this aiso tends to yield a dense form of chloride which is 
less hygroscopic and easier to handle. 

The German practice was to electrolyse a mixture of 
beryllium and sodium chlorides in the weight ratio of 
50:50 while Clifton Products Inc use 13 to 15 pct beryl- 
lium chloride with the balance a mixture of equal parts 
sodium and potassium chlorides. In the latter case the 
electrolysis proceeds to a point just short of completion 
when the entire contents are poured into another vessel 
and allowed to solidify. The metal in the form of flakes 
tends to collect in the lower part of the salt from which 
it is separated by leaching while the remaining salt is 
returned to the cell. The German practice is somewhat 
different, the electrolysis proceeding to a point where tie 
original 50 weight pct. content of beryllium chloride is 
reduced to 45 pct (it was more usual to start with 54 pct) 
the metallic flakes which have collected on the side of the 
cell are scraped out and the molten salt/metal mixture is 
put in a heated nickel cylinder and a plunger applied to 
cause the molten salt to exude leaving metal with a rela- 
tively small amount of salt which is leached in iced water 
to prevent the hydrolysis of beryllium chloride. The metal 
flakes are finally washed with caustic soda and nitric acid, 
centrifuged and air dried. 

In Germany, and presumably in France (the plant opera- 
ted in France was evacuated from Germany), the electro- 
lysis was performed in a nickel crucible which formed the 
cathode while a central graphite rod was the anode. The 
charge was heated by a metallic resistor. 

The Clifton Products Inc arrangement is rather differ- 
ent; the cell which forms the cathode is cast from alloy 
steel of high nickel-chromium content with a molybdenum 
grain refiner. The anode is a thick graphite rod. The 
crucible and contents are heated by oil firing. In the Ger- 
man practice the electrolysis was performed at 350°C 
while the American arrangement operated at 760°C to 
790°C, 

Detailed analysis of the German beryllium metal is not 
available but a typical analysis of material produced by a 
similar process is given in Table III.‘ 





Table Ill 
Typical analysis of electrolytic beryllium 

Electro- 
lysis 
Run A B Cc D 
Ag *Al0 p.p.m. A8 p.p.m. A6 p.p.m 
Al +L30 p.p.m. L30 p.p.m. L30 p.p.m 
B A405 p.p.m. A0°5 p.p.m. A0’5 p.p.m 
Ca L100 p.p.m. L100 p.p.m. L100 p.p.m 
Cd L1 p.p.m. LI p.p.m. Ll] p.p.m. 
Cr Aé p.p.m. Aé p.p.m. Aé p.p.m 
Cu A60 p.p.m. A60 p.p.m. A60 p.p.m 
Fe A30 p.p.m. A180 p.p.m. A90 p.p.m 
K A60 p.p.m. 130 p.p.m. L30 p.p.m 
Mg L30 p.p.m. 130 p.p.m. L30 p.p.m 
Mn A30 p.p.m. A100 p.p.m. A150 p.p.m 
Na A1500 p.p.m. A100 p.p.m. A100 p.p.m 
Ni A150 p.p.m. A150 p.p.m. A150 p.p.m 
Pb A50 p.p.m. ASO p.p.m. ASO p.p.m 
Si L30 p.p.m. A30 p.p.m. L30 p.p.m 
Sn A8 p.p.m. Al0 p.p.m. Al0 p.p.m 
Zn A30 p.p.m. A30 p.p.m. A30 p.p.m 
0 _ 0°4 — 
Cl — _ —_ A250 p.p.m. 
C —_ —_— _ 0°10 
N oo — — 0:001° 
Assay 98°4 pct 99°47 pct 99°48 pct 

*A= approximately tL=less than 


It is stated”) that although the electrolytic process can 
produce extremely pure beryllium, experience has so far 
indicated that powder made from flake contains enough 
salt to cause difficulties in fabrication. It is also pointed 
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out that the chloride tends to hydrolyse forming beryllium 
oxychloride which is insoluble in the electrolyte and there- 
fore contaminates the metal produced. A recent investigation 
at Harwell?) proved that beryllium metal produced by 
reduction of the fluoride or by electrolysis of fused chlor- 
ide produced massive metal with similar properties, pro- 
vided that the electrolytic flake was treated to remove 
chlorides. 

The Harwell investigators found that the chloride was 
not present as a simple chloride, e.g. leaching in water and 
heating the metal in vacuo to just below the melting point 
and beryllium did not affect the chloride content. It was 
found eventually that oxalic acid was the most suitable 
leaching agent. 


To be continued 
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Many inland nuclear power stations will have 


to rely on recirculated condenser cooling water 


The case for forced- 
draught cooling towers 


DEREK J. TOW BSc(Eng), AMIMechE, AMIChemE 


Head Wrightson Processes Ltd 


THE GENERATION of electricity in this country for 
many years to come, whether from conventional or 
nuclear power stations, will be carried out by means of 
steam driven turboalternators. To obtain high thermal 
efficiency these alternators require the turbines to exhaust 
to condensers under vacuum. Naturally, if industrial needs 
allow, the generation station will be located near a large 
source of water—sea, river, canal, etc—which may be used 
directly for condenser cooling with the heated water then 
being passed to waste. 

Increasingly, however, the new power stations, particu- 
larly the nuclear type, will need to be located near the 
centres of industrial activity. The water for condensing 
will then be cooled in cooling towers in a closed circuit. 





In precast concrete for a Government department, this 

16-cell *‘Counterflo’ tower cools four million gallons of 

water an hour through 24 deg F. John Laing and Son 
carried out the civil engineering - 


In this system the heat removed from the condensers is 
passed to the atmosphere, partly by the evaporation of 
steam from the water and partly by direct heat-exchange 
with the air. 

A great deal has been written in the press recently 
about the danger of reactor runaway and the consequent 
danger that this may cause to the population. It would 
seem therefore that, when considering nuclear power 
stations for the industrial areas of Britain, the Central 
Electricity Authority must consider siting these stations 
some distance away from the industrial centre, presum- 
ably in park, forest or even marsh. When selecting such 
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A 2-cell * Counterflo’ forced-draught 
cooling tower in timber. The DiDO/ 
PLUTO reactors in the UK and abroad 
use similar units with eight cells for 
light water cooling. They are built by 
Head Wrightson under licence from 
the Fluor Corporation of America 


a site from the safety point of view the amenities of the 
power station in relation to the surrounding country must 
be considered. 

This raises the question of whether the cooling towers 
should be of the natural or mechanical draught type. In 
this connexion it is interesting to note that modern 
mechanical induced draught cooling towers have been 
selected at the Hackney *B” conventional power station 
of the CEA. These towers are extremely small in size, 
particularly in height, compared with the comparable 
natural draught towers. For instance, the induced draught 
cooling tower supplied at Hackney is 289 ft long, 37 ft 
wide and 36 ft high, whereas the equivalent natural draught 
tower would have been 160 ft in ground diameter, 110 ft 
in outlet diameter and 230 ft high. 

In addition, of course, mechanical draught towers are 
free of the rigid discipline imposed by the necessary chim- 
ney structure of a natural draught tower and are there- 
fore more subject to sympathetic architectural treatment. 
Another advantage which arises from the low height and 
inconspicuous nature of the mechanical draught tower 
is the ease of camouflage in wartime and the fact that 
the towers are not of a height to cause obstruction to air- 
craft. 

Finally, the question of ground loading has to be con- 
sidered. If the new power stations, whether conventional 
or nuclear, are sited in areas outside the industrial centres, 
it is possible that land of low bearing capacity may be 
the best available. Although extensive foundations will be 
required for the reactor building in the case of the nuclear 
stations, there is no need to have such foundations for 
the towers. The low weight of the mechanical draught 
cooling tower makes it extremely suitable for projects of 
this nature. 

All the above factors have been considered during the 
provision of a conventional power station for the large 
electricity concern in Germany, Rheinisch-Westfalisches 
Elektrizitatswerk, who have recently ordered a consider- 
able number of induced draught cooling towers based on 
UK designs. 

On economic grounds the difference between the two 
types of towers is not so marked, but on the grounds of 
amenities there is an extremely strong case for the use 
of mechanical draught towers instead of the large hyper- 
bolic structures that are seen dotted around the country. 
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In Britain’s new power stations, initial fuel charge will 
cost half as much again as the reactors. Reducing this 
is primarily the job of the metallurgist 


NUCLEAR ENGINEERING MATERIALS 


international conference at Aldermaston 
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Taken by infra-red light, photographs illustrate work by 

A. C. Roberts (Harwell) on the influence of irradiation 

on uranium creep. On the left is a loaded spring before 

irradiation; right, the same spring after ten weeks’ 
irradiation in BEPO at 100°C 
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THE RESEARCH laboratories of Associated Electrical In- 
dustries Ltd at Aldermaston Court were the setting for a 
conference in July on materials for nuclear engineering. 
Organized jointly by the firm and the Physical Society, the 
conference was attended by 130 delegates from France, 
Germany, Japan, USSR, Sweden and Turkey who were 
welcomed by AEI’s research director, T. E. Allibone. 

On the creep of materials under irradiation, A. H. Cot- 
trel (Harwell) said all structural materials absorb neutrons 
to some degree, and are stressed to the limit during the 
processes of fission and heat removal which impose large 
stresses on all reactor components. One neutron collision, 
he said, could ‘ melt’ a million atoms, one fission a thou- 
sand million atoms; yet early experiments failed to detect 
any influence of irradiation on creep. Thus there is a good 
case for theoretical evaluation of irradiation problems 
so that only critical experiments need be done. He showed 
that the direct effect of vacancies and interstitials is small 
compared with thermal agitations of the atoms and sur- 
veyed less direct etfects which might be important. Fine 
precipitates in some alloys are dispersed by irradiation, and 
this would remove one source of creep resistance, solid 
solution hardening being more valuable in this respect. 
Internal friction measurements on samples irradiated for 
only 10 minutes in BEPO show that point defects effectively 
anchor dislocations and produce radiation hardening. A 
dominant role was ascribed by Cottrell, however, to inter- 
nal stresses which could equally well arise from thermal 
gradients, thermal fluctuations or irradiation effects in ani- 
sotropic materials—notably, of course, natural uranium— 
and he demonstrated that in all these fields a theoretical 
appreciation of the problem had led to a greatly improved 
understanding of the observed effects. 


Diffusion of fission product gases 
Studies of the effect of irradiation on the optical proper- 
ties of insulating crystals were described by Professor 
Ditchburn (Reading University). He showed, for example, 
that prior neutron irradiation greatly increases the effect 
of X radiation by displacing atoms as well as exciting 
electrons, providing colour centres where the X rays them- 
selves subsequently excite electrons. In a striking optical 
change in synthetic crystalline quartz segregate areas of 
aluminium present only to the extent of a few parts in 
100,000 could be clearly seen as prisms under the micro- 
scope. Another typical experiment showed by the use of 
polarized fluorescence the orientation of defects in diamond 
along the directions of the tetragonal bonds and of the 
tunnels between atoms in the (110) direction. 

Beryllium, when neutron irradiated, produces three gas 
atoms for every atom destroyed ; uranium can produce 30 


367 

















volumes of gaseous fission products (measured at NTP) 
in 3 years Operation in a typical reactor. These figures were 
given by R. S. Barnes (Harwell) and A. T. Churchman 
(AEI laboratories) in a paper on the production of gas 
in solids by irradiation, Boron-10 produces large quantities 
of helium which will reduce the carbide to granules by the 
time one-third of the atoms are destroyed. Studies of 
irradiated materials have afforded a qualitative understand- 
ing of the behaviour of the gases produced. At low tem- 
peratures, the low diffusion rate causes the nucleation of 





Photograph: J. E. Antill (Harwell) 


Effect of zone sintering on alumina-based refractory red: 
(top) before sintering 

(centre) partially sintered rod shows change of thickness 
at the middle; note freedom from cracking despite 
thermal gradient 

(bottom) fully sintered rod; zone temperature 1650°C, 
zone width 2in., zone speed 12in./h 


many small bubbles whose size is controlled by surface 
tension forces. At higher temperatures, a smaller number 
of large bubbles nucleate, expanding at a rate determined 
by the strength of the matrix at that temperature. 

Plutonium toxicity is such that one good-size plutonium 
dust particle retained in the body represents the safe dose 
for a lifetime, according to M. B. Waldron (Harwell). This 
necessitates the use of special glove boxes for all work 
and hence the tendency has been towards simple experi- 
ments. Waldron traced the progressive realization over a 
period from 1944 to 1955 of the complex allotropy of 
plutonium, now known to have six phases below its melt- 
ing point at 640°C. He showed that most of its physical 
properties are anomalous—for example, the negative ex- 
pansion coefficient of the cubic delta-phase. The alloying 
behaviour is similar to that of uranium, but significantly 
different owing to the complex configurational behaviour 
of the electrons. 


Stored energy in graphite 


Lack of success in obtaining pure beryllium still pre- 
judiced the question of its inherent brittleness, in the opin- 
ion of G. C. Ellis (AWRE) who reviewed the status of 
beryllium metallurgy. In support of this, he cited the 
existence of repeated yield points and of pseudo-allotropy 
in the material at present available. The deformation be- 
haviour of beryllium is very dependent on its mechanical 
treatment, useful ductility in two directions being obtain- 
able. This behaviour could be related successfully to the 
crystallographic properties of the material. The author’s 
optimism was tempered by reference to its difficult extrac- 
tion, its brittleness in cast or welded conditions and its 
toxicity. 

Calorimetric studies by G. B. Greenough (Windscale) 
of the stored energy released on heating graphite showed 
that the stored energy increased continuously with irra- 
diation over the range examined (equivalent to 3000 MWD, 
Te of uranium) attaining 600 cals/g; annealing at 1000°C 
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only released a fraction of this energy. On hea 
successively higher temperatures there is a maxin in 
the energy release curve at 200°C, most noticeab| fter 
650 MWD/Te burnup. These results had been inter; -eted 
in terms of the formation of local defect pairs. 


Additives for liquid metals 

Wetting of solids by liquid metals is an imp: -tant 
factor in both the corrosion of circuits and the pro- 
perties of slurry fuels, although solution in the /iquid 
and mass transfer can occur without complete wiiting 
according to B. R. T. Frost (Harwell). He stressed 
the importance of small additives, sometimes to break 
down oxide films when wetting was required, or to form 
protective layers, as in the case of zirconium in bismuth 
which reacts with the nitrogen in steels to form a nitride 
layer. Mass transfer is also inhibited by unfavourable 
nucleating conditions in the cooler parts of a circuit. One 
striking case of transfer is the formation of an aluminium 
copper compound layer in bismuth well separated from 
either of the two parent metal components. 

An interpretation of the structures of the elements from 
rubidium to silver, the rare earths and the transuranic 
series, was proposed by Dr Friedel (Ecole des Mines, Paris) 
supported from the few known properties, thus suggesting 
interesting possibilities for those which remain to be deter- 
mined. In the transuranic elements he suggested predomin- 
antly ‘transitional’ behaviour as far as thorium, with a 
subsequent trend to rare earth behaviour, most marked in 
americium, which has a characteristic double hexagonal 
crystal structure. In the intervening elements a strong 
tendency to hybridization of 5d and 6f bonds would give 
directional bonding, noticeable in the low temperature 
modifications of these elements. 


Plutonium recycling 

In language slightly more familiar to metallurgists, G. K. 
Williamson (AERE) discussed some aspects of solid solu- 
tion and intermetallic compound formation for alloys of 
these elements. He demonstrated that the rules propounded 
by Hume-Rothery for simpler metals were still obeyed in 
principle. The way that plutonium dissolves in thorium 
suggests that the factors underlying these rules are very 
powerful. Thus, the plutonium atom adopts the size which 
corresponds to a four-valent state and is also favourable 
for solid solution rather than adopting either of the two 
configurations found in the cubic forms of the pure metal. 
Williamson proposed that the puzzling occurrence of im- 
miscibility gaps in the gamma-phase solid solutions of 
uranium could be systematized in terms of an interplay 
between the strain energy introduced by the solute atoms 
and the temperature-dependent entropy of mixing. 

Closing the conference, Sir John Cockcroft stressed the 
need for maximum operation of the fuel by saying that 
the fuel cost for a recent 360 MW (gross) reactor design 
amounted to £M9—more than half the capital cost. Among 
the recent developments which promise well for reactor 
development are zone-sintering of ceramics, beryllium clad 
elements, which withstand 1000 cycles through the alpha 
beta-uranium phase change, and the development of all- 
ceramic fuels for the high temperature gas-cooled reactor 
at an Operating temperature of 800°C. Many of the pos- 
sible developments call for enriched fuels and the pos- 
sibility of recycling plutonium as an enrichment is an 
attractive alternative. Sir John said that present improve- 
ments would raise the thermodynamic efficiency of nuclear 
power stations from 25-28% to 30 or 33%. If the prob- 
lems associated with the liquid metal or aqueous homo- 
geneous reactors could be solved, these promise to be 
extremely low cost power producers. M. B. Waldron 
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A British firm will play a major part in 


building Germany’s first nuclear power plant 


THE RWE-ATOMKRAFTWERK KAHL 


a closed-cycle boiling-water reactor 


H. J. COLES, AMIMechE, AMIMarE, 


Chief Engineer, Nuclear Power Division, Mitchell Engineering Ltd 




































































ZL, LO\ 60 bin dia A CLOSED-CYCLE, boiling water power plant is now 
~< studs on under construction near Frankfurt am Main for the 
>, 9ft. Bin. ped Rheinisch-Westfalisches Elektrizitatswerk AG by the 
American Machine and Foundry Co, New York, and 
y Mitchell Engineering Ltd, London, in association with 
sealing gasket Yy Siemens Schuckertwerke AG, Erlangen. With a thermal 
£0 output of 53MW supplying a 17MWe turbine, the reactor 
| \ NS will be very similar to that being constructed by AMF at 
y Elk River, Minnesota, for the Rural Cooperative Power 
locating Association but whereas this plant will take steam from an 
rods te, oil-fired superheater, the RWE will use it saturated. Site 
- = ‘ge / work commenced in July 1957 and the whole plant is due 
. for commissioning in October 1959. 
pai . operating water | level cs 
St ee eS 8 Designed for economy 
cold water level ; : ‘ ‘ ‘ 
| ae This plant is considered a logical step in the development 
shock | S— steel of a type of nuclear power plant to compete with conven- 
sleeve riser sections > _ tional power stations of comparable size. Nevertheless the 
KN designers have aimed at the outset to provide power on 
control rods a reliable basis at an economically justifiable cost and 
ri moreover to construct a plant with such built-in design a 
. features that will enable the operators to obtain as much 
cuntennate 1 ‘Nal knowledge and experience as possible. 
return for N grid A site immediately adjoining the RWE power station at 
po ] | j . Dettingen has been selected and the atomic power station 
outlet for lin. ss will be named RWE-Atomkraftwerk Kahl after the nearby q 
ria |_— thermal village of Kahl. Adequate cooling water supplies will be 
shield available from the R. Main—even allowing for a later 
extension of the station—and the site is also favourably 
situated from a point of view of power demands. 
Preliminary studies showed that heavy water as a 
moderator and coolant might be more economical than 

















light water in reactors of this type for an output above 
about 50MWe. For the size envisaged, however, light 
Ry bottom grid water was preferable on cost grounds. The boiling water 
system was chosen because it was considered the most 
economical of all proven methods of heat removal. 
After weighing the pros and cons of direct- and closed- 
cycle systems it was decided to use the latter. A direct 
steam supply to the turbine, as on Argonne’s EBWR would 
provide a higher pressure at the stop valve and would 
eliminate intermediate heat exchangers but it was con- 
sidered that these would in fact be advantageous because 
they would provide additional lag and damping to the 
system and so improve plant response to load changes. 


control rod drives 
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The core pressure vessel for 1200 psig will be about 25ft Also the turbine, condenser and feed heaters would not 
high. Circulation in the vessel is entirely by natural con- receive radioactive steam and so could be outside the 
vection but provision is made for forced circulation if shield and accessible at all times. Further advantages 


requi - . ‘liarj 
5 quired. Cross-type control rods are actuated from claimed for the closed-cycle system are: auxiliaries can 
elow. Normally held above the core, they are designed 


op tall cafe be steam-driven which could be of importance in marine 
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and direct heat applications ; the adaptation for use with 
heavy water is relatively simple. 


Flexible layout 

Throughout the design, emphasis has been placed on 
flexibility and so provision has been made for an addi- 
tional turbine, forced-circulation pumps, additional heat 
exchangers and sub-coolers should they ever be required. 
The shielding has been designed to accommodate a sub- 
stantial increase in output, and the core arrangements are 
such that it can be removed and replaced by a new one 
should technological advances make this desirable. 

The plant layout will be clear from the large coloured 
drawing in this issue of NUCLEAR POWER. The whole of 
the primary system and biological shielding will be within 
a steel shell 47ft 6in. dia, 110ft high. The cylindrical por- 
tion will be 62ft 6in. high and of jin. mild steel plate. 
The hemispherical ends will be of jin. plate. Designed to 
German standards, the containment shell will withstand 
30 psig. Access to the interior will be by airlock but a 
door is also provided for removal of fuel coffins. 


Reactor below ground level 


The containment shell will be partly below ground and 
largely filled with concrete inside, with chambers for the 
reactor pressure vessel, the heat exchangers and the used 
fuel storage tank. It is proposed to erect the shell on tem- 
porary legs inside a concrete-lined pit and fill outside 
simultaneously with the inside. The reactor chamber will 
be 13ft 6in. dia, about 32ft high: it will be lined with lin. 
steel to act as an additional containment and thermal 
shield. The four heat exchangers are arranged round the 
core in an annular chamber cast in the concrete and below 
these will be mounted the four sub-coolers which adjust 
the temperature of the primary water before it is returned 
to the core. This annular space also includes a separate 
chamber containing a tank for the temporary storage of 
spent fuel elements. Further below is a 50,000 gal quench 
tank whose function is to absorb the energy in the steam 
in case of a pressure shell rupture. Under normal condi- 


eK 4in pressure vessel 
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cladding 






















lin thermal 
shield 


Square fuel 
assemblies 


5ft nominal 
core 
diameter. 


cruciform 
control rods 


Eighty fuel elements, weighing about six tons will pro- 
vide S8MW of heat. Quarter section through core shows 
disposition in pressure vessel 


tions, it will be used for draining the reactor vessel shield 
after it has been flooded for recharging. The lowest cham- 
ber in the shell contains the control rod motors and access 
will be provided right down to this level. 

The reactor is designed for a heat output of 53MW 
and 241,000 lb/h of steam generated in the core will be 
passed at 900 psig, dry sat. (533°F) to the four concentric 
tube heat exchangers. Here, the radioactive primary steam 
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exchanges heat with secondary water and 224,000 Ib/!:. also 
at 900 psig dry sat. is passed out of the containmen. shell 
to a steam separator and from thence to a 17MW wo. 
cylinder tandem turbine directly coupled to a 20\VA, 
6kV, alternator in the adjacent power house. Five ; tages 
of feed heating will be provided, raising the seco dary 


water to 350°F. Steam dumping when required \ be 
done in the main condenser, a turbine bypass bein: pro- 
vided. 


Oxide fuel elements 

The core will comprise 80 4-468in. square fuel assemblies 
each containing 49 rod-type elements arranged 7 on 
0-592in. square pitch. These will consist of Zircaloy tubes 
with 0-030in. walls, filled with short 0°425in. dia cylinders 





Advantages of oxide as fuel 

Although the early nuclear reactors such 
as Fermi’s 1942 pile and Harwell’s 
GLEEP used uranium in the form of 
oxide, as metal became available in 
quantity i¢ became increasingly used as 
it is much more dense, enabling more 


fissionable material to be contained in 





a given space. Now however—particu- 
larly with enriched uranium—oxide is 
being again considered as a fuel. Uran- 
ium metal has definite limitations as to 
the maximum temperature it can stand 
and the period it can be left in the re- 
actor without unacceptable distortion 
due to repeated temperature changes and 
nuclear irradiation. Oxide has a much 
higher melting point, does not change 
its structure with rising temperature and 
is believed to be more resistant to radia- 
tion. In the RWE reactor the fuel will 
be in the form of short sintered rods 


of enriched uranium oxide contained in 
































tubes of zirconium alloy. This resists the 











corrosive effects of high temperature 





water and will contain the reactor poisons 
which arise as a result of fission of the 


uranium. Forty-nine tubes will form a 





complete fue) element. 





of sintered uranium oxide and thorium oxide. End closure 
of the tubes will be by welding. The object of the thorium 
is of course to breed U-233. Thorium oxide makes up 
75 pet of the charge and uranium oxide enriched to 10 pct 
in U-235 to give an excess reactivity of 6 pct accounts 
for the remaining 25 pct. Total weight of the core in- 
cluding the cladding will be about 6 tons. The active 
sections of the fuel elements are 5ft high and the core 
assembly approximates a right circular cylinder of this 
height and the same diameter. The actual arrangements of 
the assemblies is 4, 8, 8, 10, 10, 10, 10, 8, 8, 4. Riser 
sections 5ft in height are provided above the four active 
sections of the core to increase the natural circulation. 
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Unique feature of the AMF-MEL plant is that radioactive steam never leaves the containment shell. Instead, 
it is exchanged with secondary steam in four heat exchangers thus permitting full access to the turbine at all 
times. Boric acid system is used for shut down in extreme emergency 


Ceramic fuel elements were chosen by AMF Atomics— 
who are responsible for the nuclear side—for their 
dimensional stability under irradiation and their inertness 
under chemical attack by degassed water and steam. The 
elements are claimed to be completely isotropic with 
respect to processing and fabricating history and undergo 
no allotropic phase changes up to the melting point. The 
maximum temperature at the centre of the core will be 
less than 3200°F and the corresponding temperature at 
the interface with the Zircaloy can, less than 800°F. At 
this temperature the diffusion rate of UO, into Zircaloy 
is negligible. Surface temperature of the cans will be less 
than 565°F. The very steep gradient in the oxide is of 
course due to its poor thermal conductivity. 

At the core centre the maximum heat flux will be 
150,000 Btu/h/sq ft and the average value, 114,000. The 
average volume of steam in the water channels of the fuel 
assemblies will not exceed 13 pct of the total water chan- 
nel volume when the reactor is delivering 58 MWt. Mean 
thermal flux will be 3 X 10?°. 


Stainless steel clad pressure vessel 

The core assembly is contained in a 4in. thick cylindrical 
pressure vessel designed for 1200 psig. It will be in carbon 
steel type SA212B clad internally with }in. stainless steel 
type 304L. Inside diameter will be 90in. and complete 
with removable head the whole vessel will be about 25ft 
high. Inside, a lin. thick stainless steel thermal shield will 
be fitted which will also act as a core basket from which 
the three main grids of the core will be supported. The 
space between the shield and vessel wall acts as the down- 
comer section. 

The forged head will be removable to give full-way 
access and will be bolted through a flange on the vessel, 
the whole assembly being designed to German standards 
for pressure vessels. Sealing will be by stainless-steel- 
covered gaskets incorporating a leakage detection device. 
Primary steam will be taken out through four 8in. 
branches and internal fittings will ensure a reasonable dry- 
ness of the steam at exit. Four 6in. branches in the down- 
comer section of the vessel return condensate from the 
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sub-coolers and should forced circulation be required 
later, four similar branches will be fitted at the bottom of 
the downcomer section for return connexions. Under 
natural circulation these will be used for feed make-up 
and the purification loop return take off. 


Rod drives from below 

The bottom of the vessel will be fitted with sixteen tubes 
(4x 4) for the control rods. These rods are of cruciform 
section with blades jin. thick and Ilin. span. They will 
have a stroke of 54in. and will be driven by electro-mech- 
anical actuators. The four centre rods will contain 
hafnium and will be used for fine control. The outer rods 
—borated stainless steel—are for shut off and safety. In 
normal operation, the rods are held out above the core 
and reactivity is reduced by lowering them. 

On receipt of a scram signal, the rods are dropped into 
the core by gravity, assisted by a stored energy system 
and thus fail safe. The drive mechanisms are irreversible 
and have magnetic couplings which are de-energized on a 
scram signal. Decelerating means are provided. Sealing of 
the rod drives at entry to the pressure vessel is by rotary 
type seals. The basis of the control scheme will be con- 
stant steam pressure. 


Underwater fuel charging 

When it is necessary to change fuel the reactor is first 
shut down. The concrete blocks sealing the top of the re- 
actor chamber are removed and the space flooded with 
demineralized water. The pressure vessel head is now un- 
bolted and lifted aside, thus giving access to the fuel 
assemblies. These are now withdrawn one at a time and 
manoeuvred by hand tools into a chute leading through 
the concrete wall to the spent fuel tank where the assem- 
blies are placed in racks. 

After a suitable decay period in the tank the assemblies 
will be transferred to a transit coffin and removed from 
the shell through a special door to a rail track. Owing to 
the fission product heat, the spent fuel compartment is 
specially cooled. All these handling operations are facili- 
tated by a 20-ton circular motion crane. After charging 
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operations the flooded chambers are pumped down to the 
quench tank. 

Novel heat exchanger design 

The four main heat exchangers are of the concentric tube 
type arranged vertically. In these the outer tubes are lin. 
o.d. 16g stainless steel sealed off at the bottom and held in 
a tube plate at the top. Inside is a tin. o.d. by 18g steel 
tube terminating about | inch above the blanked off end 
of the outer tube. At the upper end the inner tubes pass 
right through the tube plate to an auxiliary tube plate 
below the normal water level. 

Primary steam enters the exchangers through branches 
below the head flanges, flows over and round the outer 
tubes and finally leaves as saturated water at the bottom 
of the shell. Secondary water is brought in through the 
top closure and distributed below water level above the 
auxiliary tube plate. It now flows down the inner tube and 
back up the annulus becoming evaporated in the process 
by heat transfer with the primary steam. On arrival at the 
main tube plate it disengages and is taken off through a 


secondary side. In order to improve the void conc! tions 
in the core channels and so enable the vapour f: iction 
at the core outlet to be held at a relatively low lev.. the 
return flow to the core has to be sub-cooled below ura- 
tion temperature. This is done in sub-coolers and re- 
turn flow in the core is thereby adjusted to about « i°F, 
The sensible heat removed from the primary ste: js 
transferred to the secondary water which is thereby 
raised to saturation before entry to the main excha. zers, 

The sub-coolers are of the hair-pin tube type and there 
will be four, mounted horizontally below the main ex- 
changers. Primary steam will be on the tube side, 
Materials of construction will be generally similar to ti:ose 
of the main exchangers and the dimensions 2ft 6in. id., 
about 12ft long. These units are coupled in pairs in series, 
each pair being connected in parallel with two heat 
exchangers. 

All units and pipework in the primary system are 
designed for 1200 psig and are either solid, or clad with, 
type 304 stainless steel. Margins have been allowed for 





How this boiling reactor works 


GERMANY ’S FIRST nuclear power station is quite un- 
like those being built in Britain. Instead of using gas for 
removing the nuclear heat from the core, it uses ordinary 
water. But to do this it must use uranium which has had 
its fissionable content artificially increased in special plants 
in America. The two types of station are not however 
directly comparable, for the British ones are for generat- 
ing very large amounts of electricity for the public supply 
while the plant at Kahl is a much smaller one built mostly 
for giving German engineers experience in building and 
operating nuclear plant. 

The fuel is contained in long tubes of zirconium alloy 
made up into assemblies of 49 tubes. Eighty of these are 
fixed in a grid inside the steel pressure vessel (6) and cov- 
ered with water. When the reactor is critical—giving out 
heat—the water is allowed to boil. Some kinds of boiling 
water reactor use this steam direct in the power turbine 
but it is radioactive and the Kahl reactor designers have 
preferred to use non-radioactive steam in their turbine. 
Thus the primary steam is led through pipes (4) to four 
heat exchangers (3) in which it gives up its heat to second- 


ary water to produce non-radioactive steam. This is col- 
lected in pipe (2) and led off through a steam separator 
(23) to the 17,000 kilowatt turbogenerator set (36) of con- 
ventional design. After use the steam is returned to water 
in the condenser (35) and sent back to the heat exchanger 
to be boiled up again. The primary steam is condensed 
back to water in the heat exchangers, further reduced in 
temperature in the sub-coolers (5) and returned to the 
reactor vessel. 

Regulation of the nuclear reaction is by rods contain- 
ing reactor poison. These are operated by electric motors 
from below the reactor vessel and when they are fully 
lowered into the core, heat production is stopped and no 
steam is generated. To start up the reactor, the rods are 
slowly raised out of the core. 

In order to protect the public and the operating per- 
sonnel all the radioactive parts of the plant are in cells 
within a massive concrete shield (41) below ground level. 
Furthermore, a strong steel shell (45) surrounds the whole 
active volume—even below ground. This will safely con- 
tain any steam or gas in an accident. 


Numbers here refer to this 3ft by 2ft full-colour cutaway drawing of the closed-cycle boiling-water 
reactor. Limited copies of this, unfolded, are available from NUCLEAR POWER, price 2s post free 


centre branch, baffles being provided to prevent priming or 
carry-over. Circulation, it will be noted is entirely by 
convection. 

The heat exchangers will be in carbon steel to SA212B 
and clad with tin. type 304 stainless steel wherever there 
is contact with primary steam. The shell thickness will be 
Ijin. over the main length and the overall dimensions 
about 6ft dia over the flanges and 18ft high overall. The 
top will be attached to the body of the exchanger by 24 
3in. bolts. Primary and secondary sections are designed for 
1200 psig in order that in the event of a tube failure the 
heat exchangers can be sealed off on the secondary side 
to allow the plant to continue operating at reduced load. 


Sub-cooling of primary condensate 


The main heat exchangers are in effect condensers for 
the primary steam and only transfer its latent heat to the 
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possible fouling, but with stainless steel and the standards 
of water purity to be employed this is considered to be 
a very long-term risk indeed. 


Maintaining purity in primary system 

On leaving the heat exchangers the secondary steam is 
taken outside the containment shell to a_ horizontal 
cylindrical steam separator. This will be of welded con- 
struction and about I1ft 6in. long by 2ft 6in. dia. A single 
10in. branch will lead the dry steam direct to the turbine 
house. The secondary pipework is also designed for 
1200 psig. 

Induced radioactivity in pure water is only very short 
lived but entrained particulate matter emanating from 
corrosion products can be troublesome and can lead to 
high build ups with long half-lives. Thus a system of con- 
tinuous bypass purification has been adopted. Some 5000 
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The Kahl heat exchangers are of unusual design. The 
tubes are in concentric pairs, the outer being blind at the 
lower end. Secondary water flows down the inner tube 
and up the annulus while the radioactive primary steam 
flows around the outside of the outer tubes and leaves 


at the bottom of the shell 





NUCLEAR POWER SEPTEMBER 1957 


lb/h of primary water are extracted, filtered, demineral- 
ized and passed to the primary feed tanks. Located in the 
purification loop but forming part of the feed system is 
a regenerative feed heater which extracts some of the heat 
in the radioactive water and warms clean water. . Even 
this reduction leaves the water too hot for the resins. in 
the mixed bed demineralization plant and: so. before. entry 
to this unit the water is further reduced to 125°F in the 
purification loop cooler. 

The filters*mentioned are of stainless steel and one will 
be fitted after the ion exchange columns to collect any 
resins should there be a failure in the demineralizer. The 
whole of this system is within the biological shield and 
arrangements are designed for changing the resins by re- 
mote control when it is necessary. 


Boric acid scram injection 

The primary feed tank and feed pump are also inside the 
shell and are designed to keep the water level in the core 
at an accurately predetermined level. There will be two 
pumps—one standby—with a capacity of 5000 Ib/h 
against 1250 psig. All parts in contact with water will be 
in stainless steel. A comprehensive pressure relief system is 
also included and the various relief lines lead direct to the 
quench tank which is designed to reduce the pressure on 
the containment shell should an incident occur. 

An interesting safety measure is the use of a boric acid 
injection system. The acid is contained in a 50 gal stain- 
less steel tank pressurized by helium from a series of cylin- 
ders at 1250 psig. In the event of a power excursion, the 
boric acid can be injected to the primary system, the 
boron quickly absorbing enough neutrons to bring the re- 
actor subcritical. To prevent unintended injections the flow 
is controlled by a shear valve working on excess pressure. 


Cooling for containment chambers 

As already mentioned, refuelling takes place under water 
which, after use, is sent to the quench tank. This water 
will become radioactive after operations and two dump 
pumps with capacities of 25,000 lb/h are provided to 
transfer it into a shield water storage tank outside the 
shell where it will be allowed to cool before discharge to 
the river. 

The primary loop will be fitted with sampling points to 
allow the conductivity of the water at various points to be 
measured. After sampling, water will normally be returned 
to the feed tank within the containment but provision will 
also be made for samples to be withdrawn for chemical 
analysis. 

Very considerable quantities of heat are released in the 
various chambers in the shell and comprehensive cooling 
arrangements will be provided to maintain temperatures 
at 120/150°F. The main spaces cooled are: the reactor 
chamber, the heat exchanger annulus, the spent fuel store, 
the control rod motor chamber and the quench tank. 
Cooling in these spaces will be by water coils of appro- 
priate capacity arranged in a closed loop system and sup- 
plied by three 3 million Btu/h heat exchangers fed with 
raw water. One of these is sufficient to carry the whole 
cooling load if necessary. Three 50,000 Ib/h, 60ft pumps 
supply circulation. 


Benefit to German industry 
Main circulating water—about 6000 tons an hour—will 
come from the existing RWE station’s facilities through a 
special pumphouse. Make up water will come from a flooded 
lignite pit nearby. 

Numerous German industries will benefit from the new 
plant since the AMF-MEL group has undertaken to place 
as many subcontracts as possible with West German firms. 
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Engineering, Marine, Welding 
and Nuclear Energy Exhibition 


OLYMPIA AUGUST 29 to SEPTEMBER 12 


Following last month's preview, a further selection of exhibits with a 


nuclear interest are described here. 


The opening ceremony will be performed by Sir Christopher Hinton at 
a luncheon on the first day. The exhibition, which occupies the whole of 
Olympia will be open from 10 until 6 daily (until 8 on Fridays) ; admission 


3/- at the door. 


NUCLEAR POWER will be at stand 25, Inner Row, Grand Hall Gallery, 
and we shall be pleased to see readers there at any time during the 


exhibition. 


Powder classifier for uranium ore 
Shown for the first time in the UK by Sharples Centri- 
fuges Ltd (stand D5) will be a new classifier used in the 
beneficiation of uranium and other ores. Operating on the 
air vortex classification system, the instrument is claimed 
to have a very precise cutpoint—for example, five fractions 
with a top size in the range 15-20 microns contain less 
than 0:01—0-04% 325 mesh screen residue. Product recovery 
varies from 80 to well over 90%, depending on product 
requirements. Standard range of sizes and capacities varies 
from 250 Ib/h to 10 ton/h. The classifier can also be used 
for ‘topping,’ and batch or continuous ‘tailoring.’ 
Another new instrument among the Sharples exhibits 
will be a micromerograph particle size analyser, used in 
production and quality control and as a research instru- 
ment. After deagglomeration by a burst of compressed dry 
nitrogen, the particles fall through the sedimentation 
column at their terminal velocities on to a pan of a servo- 
electric balance. The current through a restoring coil re- 
quired to keep the beam balanced is a continuous mea- 
sure of the accumulated weight of powder and is registered 
on a chart recorder. 


Calder condenser plates 
The Birmingham Battery & Metal Co Ltd (row BB2, first 
floor, Empire Hall) supplied 160 tons of material for Calder 
Hall, including condenser plates weighing 6} tons as cast- 
ings before being rolled. The components will be illustrated 
in photographic display. 


Automatic arc welding 
Shown for the first time by Rockweld Ltd (stand U2) will 
be the Autopak, a multi-purpose transformer for both 
manual and automatic welding. This is a portable power 
unit housing components for double and single operator 
manual welding, and for operating a continuous wire 
automatic welding head. A three-position switch sets the 
machine for a, double operator manual working with 
current range of 35/325 amp each point, or 5, single opera- 
tor manual working with current range of 250/650 amp 
or c, for running the automatic head and supplying it 
with currents up to 650 amp. On open circuit, 80 volts 
are provided for manual welding and 60 volts for auto- 
matic. 

For use with this machine, Rockweld have produced 
the Autopoint automatic head. Light, adaptable and 
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readily mounted for handling bare wire supplied in reels, 
the head is designed for maximum wire size of szin. and 
maximum current of 1300 amp. It may be used with the 
Autopak set for #sin., 4in. and #2in. wire, or with two in 
parallel for sin. and s2zin. wire. Feature of the head is 
the double motor drive geared differentially to the feed 
rolls and regulated by a circuit which is extremely sensi- 
tive and responsive to arc conditions. The arc is self- 
starting, and the system is immune to variations in supply 
voltage. 


Charge pan for GEC station 

APV Paramount Ltd (stand K11) will have on show one 
of several hundred steel castings they are supplying for the 
General Electric Company nuclear power station. They 
form the charge pans through which the control rods are 
lowered into the core. Weighing about 800 lb each they 
demand castings of high quality and dimensional accuracy. 


Pneumatic control equipment 

Several examples of this type of equipment will be shown 
by the Westinghouse Brake & Signal Co Ltd. Part of the 
stand will contain a three-section display board illustrating 
how pneumatics can provide a safe, clean and positive 
acting remote-control system, well suited to the control of 
nuclear energy production. The systems include various 
specialized units such as multi-position cylinders giving 
distinct and accurate positioning. Pneumatic servo power 
devices for accurate positioning against heavy loads are 
also available, and working examples of these will be 
shown. 


Model of nuclear submarine 

On the Admiralty’s stand (BB 9) a nuclear propulsion unit 
will be demonstrated in a sectional model of a submarine, 
with an animated arrangement to indicate the water and 
steam flow and mechanical transmission to the propeller. 
Also on show will be a static model of a tanker with a 
nuclear propulsion unit. Both models will be purely hypo- 
thetical. 


* No-break ’ alternator sets 

Developed to meet the requirements of atomic power 
generation and the continuous process industries which 
demand a constant source of electricity to avoid tem- 
porary shut-down losses, these sets will be shown by 
Lister-Blackstone Group (stand D2). Stand-by power for 
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such installations must be capable of taking over duty 
without a break. To achieve this, an independent heavy 
flywheel is motored by an alternator when the mains 
source is available. In the event of failure or shut-down, 
the considerable momentum of the flywheel is sufficient 
not only to start the stand-by diesel engine but at the 
same time to drive the alternator and maintain output 
until the engine takes over duty. The demonstration set 
to be shown comprises a 3-cylinder normally aspirated 
four-stroke vertical diesel, developing 135 bhp at 600 rpm. 
Carried on the driven shaft is a Sft 9in. flywheel weighing, 
with the shaft assembly, approximately 4 tons. 


Nuclear graphite dust controllers 

A range of dust control equipment for industry will be 
shown by Dallow Lambert & Co Ltd (stand Z3). It will 
include wet dusters, Drytube filters, cyclones, Dustmaster 
and Drytex unit dust collectors, suitable for foundry work, 
shipbuilding, welding and metal spraying. Illustrated is a 
Drytube installation with automatic shaking gear in course 
of erection, typical of the filters supplied for nuclear 
graphite control. 


Transformer oil filter unit 

This trailer-mounted unit was supplied for use at Berkeley, 
Dounreay and Chapelcross by Stream-Line Filters Ltd 
(stand E8) and a large number are used as standard equip- 
ment by the CEA and electrical establishments through- 
out the world. The unit ‘is coupled to the transformer 
with flexible pipes to form a closed circuit. The insulating 
oil is drawn from the transformer and returned to it 
continuously without change of level, the filter plant 
being full of oil, and the transformer need not be taken 
off load during circulation. Dirty oil is first heated elec- 
trically and then passed through the filter at a constant, 
predetermined rate. Filter comprises a number of packs, 
built up of specially prepared paper and maintained under 
pressure by spring loading. After filtration the oil is dried 
and de-aerated under vacuum, and a rotary pump extracts 
the clean, dry oil and returns it to the transformer. Plants 
with outputs of up to 450 gpm are available. 


Bellows sealed stop valves 

Specially constructed for service in nuclear power stations, 
examples of these valves will be shown by Dewrance & 
Co Ltd (stand H8). They are supplied for the control of 
carbon dioxide and other fluids for pressures up to 250 
psi. Bodies are in carbon or alloy steel stampings with 
seats directly deposited with Endewrance, a hard faced 
non-corrodible alloy, capable of withstanding severe ser- 
vice conditions. Valvehead is of stainless steel and is amply 
guided so that the valve forms a true seating. Special 
feature of this design is that bellows are fitted above the 
valvehead to prevent leakage of fluid between the spindle 
and the gland. The cover is also tip welded to ensure that 
there is no leakage at the cover joint. This design is 
available in sizes up to 10in., the larger sizes having 
bodies fabricated from steel tubing. 


Ultrasonic immersion testing 
This new equipment will be shown by Solus Schall Ltd 
(stand V7). In order to overcome the disadvantages 
sometimes involved in manual operation of probes for 
ultrasonic testing, this automatic technique has been adop- 
ted, in which the specimen, immersed in water, is scanned 
by a mechanically propelled probe. The method also has 
the advantage that there is no wear and tear on the probe 
Which has a very delicate surface. The installation com- 
prises an ultrasonic echo sounding apparatus, the lithium 
sulphate probes which take the place of the ordinary 
quartz or barium titanate pattern as they have greater 
sensitivity and resolving power, the probe manipulator, 
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motor driven scanning device, control desk and tank, 
which can be made to any dimensions and can be equipped 
with a turntable for the examination of round specimens. 

Also on show will be two types of isotope containers 
for gamma radiography consisting of a hollow phosphor 
bronze casting mounted on a stirrup and base plate. In 
one type the bronze shell is filled with lead, and in the 
other with a block of tungsten ‘heavy-alloy’; total 
weights are 30 and 44 Ib respectively. A protractor is 
fitted to the stirrup to indicate the elevation of the 
gamma-ray beam. 

Other products on the stand will include a new rough- 
ness gauge, miniature ultrasonic equipment, magnetic 
testing equipment and complete X-ray tubeheads for the 
Eresco portable X-ray unit. 


Insulation at Calder 
The Darlington Insulation Co Ltd (stand L5), the con- 
tractors which supplied the insulation for Calder Hall, will 
illustrate their work with photographs. On the same stand, 
the Chemical and Insulating Co Ltd, also a member of 
the Darlington group, will show examples of their insulat- 
ing and finishing materials, including 85% magnesia, 
suitable for temperatures up to 650°F, metadextramite 
and dextramite, for temperatures up to 1200°F and 2000°F. 
Materials are made in preformed sections, in slabs and 
moulds, and in powder form for plastic application, and 
samples of the various forms will be displayed, together 
with samples of finishing materials for heat insulation. 
Another member of the group, British Refrasil Co Ltd 
will show examples of Refrasil, the light-weight silica 
insulator in the form of very fine fibres, capable of with- 
standing continuous temperatures of 1000°C. Available in 
the form of batt cloth, tape, bulk fibre, sleeving, cord and 
yarn, it is adaptable to blanket construction, making it 
suitable for insulation of electric furnaces, thermocouple 
leads etc. 


Package air preheater 

Among the James Howden & Co Ltd (stand E9) exhibits 
will be a package air preheater suitable for auxiliary 
boilers and smaller industrial plants and power stations. 
A model of the latest type of Howden-Ljungstrém air 
preheater of the rotary regenerative type will be exhibited 
in the form of a scale model. A 200 mm compressor will 
be shown with casing sectioned to display the rotors and 
diagrams and photographs of the Howden electro-precipi- 
tator will also be displayed. 


Berkeley model 

The sectionalized model of No 1 reactor and heat ex- 
changers for Berkeley to be shown by John Thompson 
Ltd (stand F4) will include one illuminated circuit indi- 
cating the course of the coolant from reactor to heat ex- 
changer. The firm’s part in the construction of the Doun- 
reay Fast Reactor will also be illustrated. 


Oxygen cutter for Bradwell pressure vessel 

A new oxygen cutting machine being built by Hancock & 
Co (Engineers) Ltd (stand X6) to cut the control aper- 
tures in the Bradwell pressure vessel will be illustrated by 
an artist’s impression. The machine will cut non-radial 
holes to accommodate the vertical control rods to close 
tolerances through the 3in. steel hemisphere, using a 
double bevel and nose preparation for welding. It is 
actuated by a variable speed motor through worm and 
belt drive operating a connecting rod, which carries an 
oxygen burner on an extended arm. A separate linkage 
controls the angle to which the cutter can be set. Control 
is provided to allow a differential bevel angle to be cut 
so that the amount of weld metal to be deposited can be 
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made uniform round the hole. Raising and lowering of the 
Surner is carried out automatically to follow the spherical 
surface during cutting. Mounted on a carriage, the 
machine is lowered into the cutting position by three 
screws which are also used for levelling. 

The machine and the gantry are carried on a two-rziled 
gantry which pivots about a pintle welded to the top 
centre of the sphere. Outer end of the gantry is fitted with 
wheels running on a rail welded to the sphere. Two opera- 
tors are normally required to work the machine. 


Submersible pumpset 

The main feature of the Harland Engineering Co Ltd 
(stand DD6) centres around the Ulectriglide submersible 
pumpset. Use of these in various industries will be des- 
cribed—in a recent installation supplied to the National 
Coal Board, the rating was 250 hp at 1460 rpm with 
3000/3300 volt supply, pumping 600/800 gpm against 
835/650ft head. Reference will also be made to Harland’s 
high tension submersible pumpsets which have now com- 
pleted the prototype stage. Illustrations, models and speci- 
mens from the range of the company’s products, including 
water turbines, alternators, all types of centrifugal pumps, 
rotovalves and industrial nozzles, will.also be displayed. 


Liquid relief valves 

Shown for the first time by Megator Pumps & Compres- 
sors Ltd (stand C9), these valves, made of high quality 
bronze with cadmium-plated carbon steel valve springs, 
are claimed to have a number of unusual features. Also 
being shown for the first time will be a new version of the 
well known mobile industrial pump with the pump set 
mounted on a robust four-wheeled metal trolley, with 
welded tubular handle and bracing struts. Standard range 
covers capacities between 8 and 50 gpm, but greater 
capacities are available to order. The set can be adapted. 
if required, to carry a length of flexible hose. 


Pump for radioactive liquors 

British LaBour Pump Co Ltd (Inner 23, Gallery, National 
Hall) will show their type BG pump which has been sup- 
plied in large numbers to AWRE. Absence of mechanical 
seal or gland packing has made the design particularly 
suitable for handling radioactive liquors. It is manufac- 
tured in a wide range of corrosive materials including 
stainless steel, the LaBour alloy R55 and other high nickel 
alloys. The pump is vertically mounted and self-priming 
is achieved without foot valves or other mechanical aids 
and can consequently be sited away from the source ot 
supply. Wear is minimized by the inclusion of only one 
moving part. 


Canned pumps for ‘ Dreadnought ’ 

G. & J. Weir Ltd will be showing the hermetically sealed 
pump developed in close collaboration with the Englist 
Electric Co Ltd who supplied the motor. It is specially de 
signed to circulate liquids at high temperatures and pres 
sures in nuclear power circuits where leaktight pumps ar 
essential. Materials used throughout the pump have beer 
selected to meet the unusual conditions. These pumps are 
to be supplied for the pressurized water circuit of the 
land-based reactor prototype of the nuclear submariné 
HMS Dreadnought. 


Industrial radiography equipment 

Principal exhibit on the stand of Gamma-Rays Ltd (stan¢ 
Z4) will be the model ASS/54 container for 20 curies 0! 
cobalt-60. It is suitable for heavy industrial work such 
as the examination of heavy castings in practicable ex: 
posure times—6 in. steel in 30 minutes. Electrically opera: 
ted by a remote control panel, the machine makes it 
own exposures by pre-set timing and will close ‘safe 
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if the door of the radiography room is opened during the 
exposure. Suitably modified, the unit can be used as a 
radiotherapy head taking 2000 curies of caesium-137. 

Among a variety of other isotope containers, the one 
illustrated is model ASS/51 operating container for 600 
millicuries of cobalt-60 or high strength iridium. Shown 
with remote control source-protruder attachment, it is for 
panoramic examination, total weight is 84 Ib. 

On show for the first time will be an iridium decay 
clock to record decay from 10c to 100 mc. Measuring 
11 in. by 10 in. by 9 in., it has three independent dials and 
provision for extension units. 


Control rod actuator 

Metropolitan-Vickers Electrical Co Ltd (stand ‘G13) will 
show an actuating mechanism for combined control and 
shut-off rods of a thermal reactor. 480 of these are being 
supplied for Calder A and B, and Chapelcross. Mechan- 
ism is designed to provide a slow ‘out’ and two faster 
‘in’ speeds and to hold the rod in any required position. 
It is also capable of giving a controlled shut-off indepen- 
dent of the electricity supply. It consists of a synchronous 
control torque motor, fed from a variable frequency sup- 
ply, driving through a 20:1 reduction gear on to a cable 
reel. Speed of the rods to the shut-off condition is con- 
trolled by a permanent magnet eddy current brake. Rod 
position indication is given by a geared magslip trans- 
mitter. Entire. mechanism is dry-lubricated with molyb- 
denum disulphide. 


Pump for activated sludge 

The industrial Pump Section of Mono Pumps Ltd (Inner 
31, Gallery, Grand Hall) will show their type H_ stainless 
steel pump used for handling activated sludge and slurries 
for uranium extraction. At uranium reduction plants it 
is used for pumping reagents to the flotation cells for 
separation and also handles the slurry obtained after flota- 
tion. Lime slurry is added to the flow to obtain the 
correct pH value and Mono Pumps are used for handling 
this and the animal glue used extensively throughout 
uranium plants to agglomerate particles which have to be 
separated from the slurry. As it leaves the plant, the final 
product is in the form of a thick yellow/orange paste 
and the type H pump is used to extract the precipitate 
during the final stage of processing. 


Glass for shielding 

Glass as a protective material is the theme of Pilkington 
Bros Ltd (stand F9). Central feature will be three types 
of viewing windows giving protection against various 
radiations. 

One window, measuring 3ft 6in. by 2ft 6in. and com- 
prising 36 one-inch thick stabilized special plate glasses 
will illustrate one of the types of shield used in nuclear 
research. A demonstration of remote handling by mechani- 
cal manipulators will illustrate its use in hot cells. <A 
slightly smaller window of the type used in hospitals to 
protect the medical staff operating a linear accelerator 
from dangerous radiation will also be displayed. Here the 
glass is one-inch clear white polished plate to the total of 
30 plates. 

A third type of window is in the form of a tank contain- 
ing a special clear liquid and having at each end one-inch 
polished plate glass, the inner glass being stabilized against 
darkening and the outer, observer’s end, being unstabilized. 

Other types of glass to be shown give protection against 
intense heat, pressure, dangerous liquids or flying particles, 
and moving machinery. Also displayed will be a string of 
toughened glass high voltage insulators of which it is 
claimed more than six million are in use in most countries 
in the world. 
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MONO PUMPS—pump for activated sludge 





WEIR/ENGLISH ELECTRIC— 
canned pump 


METROPOLITAN-VICKERS—control rod actuator 


PILKINGTON—36 plate glass shield 





377 





EQUIPMENT 





Miniature direct-acting pumping can be in P.T.F.E. 


Driven by a pneumatic piston motor of 
novel and simple design, the Neumo 
direct-acting pump has been developed 
for handling liquids in the chemical and 
process industries and should find ready 
application in atomic energy plants where 
maintenance considerations may mean 
complete replacement of the unit. In its 
standard form the pump consists of a 
cast-iron cylinder with detachable cylin- 
der heads and valve chests. The pump is 


double acting and the inlet and delivery 
valves are identical thus permitting inter- 
change of the two valve chests to suit 
particular layouts. The valves are self- 
contained in their own cages and consist 
of hardened steel disks on soft seats. The 
plunger is of the double cap type and 
normal materials are of moulded leather 
or p.t.f.e. Glands are of the chevron 
type and are in rubber or p.t.f.e. These 
pumps have been made in stainless steel 





The standard Neumo pump weighs only 13 Ib 2 oz 


Examining radioactive metallurgical specimens 


A remote control metallurgical micro- 
scope developed for the AEA Industrial 
Group, Risley, was demonstrated in Lon- 
don recently. The result of several years’ 
development work initiated at Harwell, 
the microscope is basically the Reichert 
universal camera microscope, modified 
by Shandon Scientific. All operations in- 
cluding placing the specimen, focusing, 


Transistor survey meter 
Although designed for geological survey- 
ing and prospecting for radioactive ores, 
the Ericsson survey meter, type 125, has 
many applications as a portable gamma 
radiation monitor. Overall dimensions 
are 14 in. by 34 in. by 7} in. and total 
weight, including batteries, is 1} Ib. Vis- 
ual indication is by a moving coil meter 
and audible indication by a lightweight 
hearing aid headset. The all-transistor cir- 
cuit is powered by three 14V_ hearing 
aid cells housed in a special compart- 
ment by a bulkhead. With an average 
daily use of eight hours, the battery life 
is approximately fourteen days. An ex- 
ternal battery pack can be supplied for 
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objective changing, stage movement and 
rotation, changing of light sources and 
filters are carried out remotely from be- 
hind shielding walls. Some of these, 
such as objective changing are carried 
out by mechanical means; others are 
done by miniature electrical motors con- 
trolled from a console outside the shield. 

The complete equipment comprises 


has glass fibre case 





and in non-ferrous metals with suitable 
liners. A more recent development is a 
complete unit in p.t.f.e. for handling cer- 
tain corrosive liquids. 

The air motor is directly coupled to ihe 
pump plunger, the two units being 
rigidly connected. Inlet to and exhaust 
from the power cylinder is controlled by 
a fully-free piston valve. By arranging 
cushioning air at the stroke extremities 
the pump is self-starting and has no 
dead positions. The power piston is solid 
steel, hardened and ground to fine limits 
and running in a honed cylinder. The 
piston valve is of similar construction 
and has nylon piston rings. Lubrication 
is claimed to be quite unnecessary. 

Motors and pumps can be coupled in 
various sizes to suit requirements. The 
standard motor consumes between 2} 
and 34 cfm of air at 65 to 80 psi. De- 
liveries vary of course according to the 
viscosity, discharge and head. For ex- 
ample, at 80 psi air pressure, 100 gph of 
paraffin can be delivered against 35 psi. 
If the air pressure is raised to 100 psi, 45 
gph can be delivered against 70 psi. 

Applications already reported include: 
oils (including suspensions); paints, sol- 
vents, acids, liquid foods. The p.t.fe. 
model is claimed to be able to handle 
virtually any liquid up to 200°C. 


Kingsbourne Products Ltd, 
216 South Coast Road, 
Peacehaven, Sussex 


four main groups: the inverted micro- 
scope, complete in itself; light sources, 
of which there are several available; 
optical equipment such as objectives and 
eyepieces; photomicrography and _ tele- 
vision equipment on a l-metre optical 
bench. 

Shandon Scientific Co Ltd, 

6 Cromwell Place, London, SW7 


underground or night surveying. Unit 
can be clipped on to the pocket or belt 
and when in use the batteries in the 
instrument are by-passed. Batteries for 
this unit are internationally available and 
give the instrument a life over 500 hours. 

Ranges covered are 0-0-5 and 0-5 
mR/h. Ruggedly constructed of fibre- 
glass, the instrument will operate at tem- 
peratures from 30°C to +60°C. In- 
strument components are contained in a 
hermetically sealed compartment pro- 
vided with a desiccator. 


Ericsson Telephones Ltd, 
Beeston, Nottingham 
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Open flooring and walkways 


open steel and aluminium 
flooring by Fisher & Ludlow is electri- 
forge-welded and has a_ high 
strength to weight ratio with maximum 
light passing and ventilation capacity. It 
is produced in stock panels 20 ft by 3 ft 
and these, together with stair and ladder 
treads, are available in various sizes. A 
recent development demonstrating its 


Flowforge 


cally 


versatility is a contract for circular panels 
measuring 6 ft 6 in. to the outside edge. 
These panels have been produced to 
form circular walkways on tank cars, 
providing a platform which is strong but 


light, safe under all weather conditions, 
and requires no maintenance. The old 
method of burning a square panel to 
form a circular shape with all its adher- 
ent wastages has been dispensed with. 
The circular panel is now fabricated in 
two half units from serrated edge steel 
rings, spaced and held in position by 
forge-welded twisted bars spanning six 
serrated rings in lattice pattern, construc- 
tion being carried out on top and bottom 
faces. 

Fisher & Ludlow Ltd, 


Material Handling Division, 
Bordesley Works, Birmingham, 12 
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Health physics 


ratemeter 

The Burndept ratemeter type BN110 has 
been primarily designed as a_ health 
physics instrument for measuring the 
radiation from contaminated surfaces 
and apparatus, and for personnel moni- 
toring. Two probes are used for the de- 
tection of radiation. The beta gamma 
probe incorporates a geiger tube and a 
shutter to exclude beta particles when it 
is required to measure gamma only. The 
alpha probe has a 16 sq. in. zinc sulphide 
screen and uses an 11 stage photo- 
multiplier. 


The ratemeter circuit, which includes 
a wide band amplifier and discriminator, 
provides aural and visual indication of 
count rate. Positive output of at least 
5 V is available for scaler operation. For 
accurate determination of low count rates 
an electro-mechanical register is included 
which will count individual pulses up to 
10 per second. The register is resettable, 
eliminating the calculation necessary with 
the usual continuous count type. A vari- 
able EHT supply for the probes has been 
built in, incorporating an output suitable 
for the operation of a halogen quenched 
geiger tube. 


The ratemeter complete with probes is 
easily decontaminated, self-contained rad- 
iation monitor, readily transportable and 
requiring only an a.c. mains supply to 
begin operation. 


Burndept Ltd, Erith, Kent 


Novel sealing feature of proposed reactor gas valves 


A vital part of a gas-cooled nuclear 
power plant is the main valve in the gas 
circuits, by means of which the heat ex- 
changers can be isolated in turn for 
maintenance or repairs. These units are 
not required for control purposes and 
are always fully open or shut but it is 
important that gas leakage in the shut 
position is reduced to vanishing point so 
that access can be gained to the heat ex- 
changer without hazard from radioactive 
gas. 

Pressures (about 150 psi) and tempera- 
tures (up to 700-800°F) are not high by 
modern power station standards but in 
the new stations the gas ducts are 5 ft in 
diameter and so the load on the valve is 
very considerable. With normal cast steel 
construction, distortions due to high 
loads or misalignment and traces of dust 
can lead to improper seating and sub- 
sequent leakage. In an attempt to over- 
come these difficulties, an entirely new 
approach to the problem is being offered 
in the shape of the Metro-Flex high 
pressure valve. Designed by Metropoli- 
tan Combustion Engineering Ltd, the 
valve relies for its sealing effect on the 
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principle of a thin flexible steel strip 
bearing on a flat surface and is a deve- 
lopment of flue dampers and isolators 
supplied by this firm for many years for 
coal and oil fired boilers. 


diaphragm control spring 
diaphragm seal 
primary sealing spring, 
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outer suction seal 


Although the compensating bridge may 
tilt if the valve body distorts, the sealing 
strip maintains gas-tightness 





The Metro-Flex system accepts the fact 
that there will be distortion and aims to 
accommodate this by a flexible sealing 
system. The valve is a pivoted disk type 
unit of octagonal section with very wide 


control spring clamp 


compensating bridge 











SO! inner suction seal 
\ } 
hinged valve disc | 
| 
| 






Yyyyyut 


bones 








379 








BQUiIPr MINT 


clearances of the valve disk in its seat- 
ing: this makes fouling or jamming vir- 
tually impossible. Along the edges of the 
octagon are loosely-mounted compensat- 
ing bridges which connect the valve body 
with the disk in the closed position. Seal- 
ing is accomplished by special austenitic 
steel sheet about 0-06 in. thick extend- 
ing right over the compensating bridge 
and lying flat on the valve body and disk. 
This strip is held firmly pressed on the 
flat surfaces by control springs and a 
closed gas-tight seal is assured by holes 
bored through the valve body and disk 
from the low pressure side terminating 
under the sealing strip. 

If distortion of the valve occurs, the 
compensating bridge merely rocks slightly 
on its seating and the sealing strips re- 








actuating motor 


cooling sleeve 


valve body 






4 

( aoe Oe ee 

\ outer suction 
Seals 






| 
| 


guadrant rack-and-pinion 
actuating gear 


Metro-Flex valve is easily adapted to 
glandless remote operation 


main firmly in contact under the action 
of the control springs and suction seals. 

Operation of the valve can be by any 
convenient method but it is claimed to 
lend itself to completely glandless opera- 
tion by having the electric motor en- 
tirely within the gas pressure. 


Metropolitan Combustion Engineering Ltd, 
47 Whitechapel High St, London, El 


Equipment summary 


PRE-FLUSH GAS FLOW COUNTER, model 21, 
is low background 3-position windowless 
counter for geiger or proportional re- 
gion. Counts low activity betas, alphas 
separately or together. Atomlab Inc, 
489 Fifth Avenue, New York 17, NY 


QUARTZ LINE HEIGHT ANALYSER—a_ 100- 
line instrument for rapid accumulation of 
data on amplitude distribution of elec- 
trical pulses arriving at random intervals. 
For recording spectrum data of isotopes, 
rapid routine chemical analysis. Nuc- 
leonic Corporation of America, 196 
Degraw Street, Brooklyn 31, NY 
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Dounreay lab flooring 


Protection of construction § materials 
against radioactive contamination at 
Dounreay was provided by Acalor (1948) 
Ltd. The firm was invited to construct 
flooring, channels and line large tanks to 
a specification defined by the Authority. 
The form of construction provided for 
a 0-010 in. polythene membrane. Main 
flooring consisted of bricks bedded in 
portland cement mortar and jointed with 
plasticized sulphur and the channel 
blocks were bedded and jointed with 
potassium silicate cement. A _ similar 
specification was used for the lining of 
the effluent tanks, Polythene foil is im- 
pervious to the conditions and provides 
a reliable second line of defence, while 
portland cement, as a bedding mortar, 
provides a warning signal. A weakness 
lies in the lack of adhesion between the 
brickwork and the membrane—the floor 
is floating and held in position by its 
own mass. 


Acalor have a research department 
organized to develop new materials to 
withstand high temperatures, erosion 
and attrition in addition to severe chemi- 
cal and active conditions. 


Materials which have proved equal to 
these conditions include dense acid re- 
sisting bricks bedded and jointed in 
mineral filled furane and_ phenolic 
cements. Very high density tiles and 
epoxy resin cements provide a barrier to 
both a wide range of chemicals and a 
high degree of radiation. Among plastic 
materials, for some purposes, reinforced 
polyesters have proved extremely resis- 
tant. On the other hand, many plastic 
materials have displayed evidence of 
attack. Nylon and polythene tend to be- 
come brittle, acetate to become black 
and to soften, and some polyesters de- 
crease in tensile and impact strength. 
Generally speaking, rubber-based mater- 
ials are unsatisfactory. 


Acalor (1948) Ltd, 
Kelvin Way, Crawley, Sussex 


GAMMA SENSITIVE SCINTILLATION DETEC- 
TORS—two new directional detectors, 
models DSS-1 and DSS-IP, particularly 
suitable for medical use, also research 
and industrial applications where direc- 
tional characteristics are important. 
Nuclear-Chicago Corporation, 223 West 
Eric Street, Chicago 10, Ill 


SYNCHRO CONTROL TRANSFORMER type 
1SCT4a has received type approval from 
Ministry of Supply; used with synchro 
control transmitters in closed-cycle servo 
systems. Ketay Ltd, Eddes House, East- 
ern Avenue West, Romford, Essex 


TRANSISTOR TEST SET TYPE 74163-A—a 
small portable set for measuring current 
gain of p-n-p transistors in common 
emitter configuration. Standard Tele 
phones and Cables Ltd, Connaughi 
House, Aldwych, London, WC2 


UNIFLOW UNIT HEATER—incorporates new 
body styling; heating coil is claimed to 
give greater heat output than conven- 
tional coil of same size. F. H. Biddle 
Ltd, 16 Upper Grosvenor Street, London 
Wil 


DIFFERENTIAL PRESSURE TRANSDUCER type 
ER 125—converts differential pressures 
into direct current signal suitable for re- 
mote indication or as ‘measured value 
signal for electronic process controller. 
Evershed and Vignoles Ltd, Acton Lane 
Works, Chiswick, London, W4 


FLEXIBLE METALLIC CONNECTORS—Seam- 
less bronze or stainless steel flexible bel- 
lows brazed to flanged or screwed end 
fittings; suitable for vacuum or low pres- 
sure applications. Precision Heating Ltd 
142a Canbury Park Road, Kingston- 
on-Thames, Surrey 


GRID CONTROLLED INDUCTION HEATERS, for 
9, 1S and 25kW—designed to be indepen- 
dent of mains supply variations and giv- 
ing constant power output over the full 
20:1 output range. Radio Heaters Ltd, 
Eastheath Avenue, Wokingham, Berks 


SCINTILLATION WELL COUNTER, model 
DSS-S5, is for high efficiency measurement 
of gamma emitting liquid or solid radio- 
active samples down to 10~-° microcuries. 
Overall sensitivity is approximately 50° 
Nuclear-Chicago Corporation, 223 West 
Eric Street, Chicago 10, Ill 


WINDOWLESS SCANNER, model F, designed 
for scanning of two-dimensional paper 
chromatograms tagged with low energy 
beta-emitting isotopes. Forro Scientific 
Co, 833 Lincoln Street, Evanston, Ill 


ULTRASONIC GENERATOR giving 38 kc/s 
frequency has sufficient power for trans- 
ducers with a total area of 30-40 sq. in. 
Units are primarily designed for clean- 
ing with organic solvents, detergents, 
alkaline solutions and mild acids, but 
can also be used for other ultrasonic 
applications. Dawe Instruments Ltd, 99 
Uxbridge Road, London, W5 


DIRECT-READING FLUORIMETER, model 27, 
gives quick results by comparison of 
sample with standard. Several readings 
a minute can be done with discrimina- 
tion of 2 parts in ten thousand million. 
Applications include metallurgical work 
on aluminium and boron. Electronic 
Instruments Ltd, Lower Mortlake Road, 
Richmond, Surrey. 
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Solid homogeneous reactors are news. How do 


possible gases compare thermodynamically ? 


Coolant choice for the 
v.h.t. reactor 


PETER FORTESCUE, PhD, WhSc 


Reactor Division, Harwell 


IN CONSIDERING gas-cooled reactors for high temperature 
operations, possibly in conjunction with forms of gas turbine 
plant, the question of working gas at once arises. Com- 
patibility, irradiation decomposition, and mass transfer will 
no doubt severely restrict ultimate choice, and adequate 
information on these questions calls for further experiment, 
but let us first sort out just what properties we are looking 
for, so that the field may be at least restricted to good starters. 


Criteria 


So far as heat transfer and thermodynamic considerations 
are concerned, there is no one magic number which expresses 
the relative merit of all working fluids. For instance, the 
criterion for minimizing pumping power is different from 
that controlling plant size, or complexity (number of stages 
of compressors or turbines), and matters are influenced by 
whether some surface temperature, or gas temperature, or 
some stress consideration are taken as design limitations. 

However, it is possible to tidy up this situation very con- 
siderably by a little general preliminary analysis, from which 
the influence of gas properties on some selected design 
features can be tabulated. 

We shall be mainly concerned with solid homogeneous 
cored reactors, partly because this construction offers great 
promise of securing high power density, and partly because 
this field lends itself to wide generalization. 

Weare not, for instance, tied to the use of particular channel 
pitching by nuclear considerations, which may be regarded 
as being influenced only by the total coolant voidage fraction. 
A further point is that in the homogeneous case, such large 
primary surface areas are available that the use of secondary 
surface is unnecessary, which greatly extends the generality 
of the results. 


Pumping power 


It can be shown that the cooling performance of a homo- 
geneous core, pierced by smooth cooling channels of any 
uniform section, is given by: 


Oy. sss hp 
os ~~ Als l 
¢- 7) (i) aie 


where: 
H is the heat produced, per unit core frontal area, 
AAT per degree coolant temperature rise 
x is the total coolant passage voidage fraction 
hp is the pumping power expended, expressed as a 
H fraction of the heat generated 
At. is the permitted mean temperature difference 
between the core surface and the coolant 
Cp and p are the specific heat and density of the coolant 
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It.will be seen that, for given temperature limitations, pumping 
power required to produce a given heat, from a core of fixed 
overall size and coolant voidage space, is proportioned to 
(cp3o-*), or, if ambient pressure is also fixed, to (Cyy-3M), 
where M is the molecular weight, and Ca, is the molar specific 
heat of the coolant. Alternatively, if fractional pumping 
power (/p/H) is specified, then heat output obtainable will 
vary as (Cyy*'*M - 3), other design restrictions being the same. 
The size and number of the individual coolant passages do 
not enter into the above relation explicitly as they are depend- 
ent variables, fixed by the conditions specified above. It 
must be remembered, however, that comparison of different 
coolants on the criterion mentioned, implies that the core 
passages are in each case adjusted (according to the relations 
given in the appendix) to suit the particular gas used, if both 
surface and coolant temperature are to remain fixed. 
Equation (1) leads to some interesting conclusions about 
the magnitude of the pumping power it is desirable to expend 
in a given case. Consider a reactor of heat output H, 
operating with a power plant of efficiency y:, the ideal 
pumping power (hp) being supplied by a compressor, of 
efficiency yc, driven by the main plant. Since all the power 
expended in compression will appear as heat in the reactor 
circuit, we will have a net power produced by the system of: 


hp hp 
Hy: u(a- ") . 
fe he 


or, (2) 
H H | hp l Ti 
= HX ae Ht 
But, from (1), at given coolant and surface temperatures, 
hp J =" 
H=C H “ where C is a constant. 


So, to maximize the net output within given operating tem- 
perature limits, 


hp 3 hp | — Tt 
H = HX te 4 


must be a maximum. 
Differentiating and equating to zero, shows this will occur 


when: 
hp 
H 


when this value of pumping power is used, the net output 
would thus be, from (3) and (2), 


he ht 


iM—w (3) 


t 


Hy (opt) 3 sd (4) 


From this it will be seen that the value of fractional pumping 
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power (hp/H) giving maximum net output, is independent of 
the nature of the coolant and, furthermore, extraction of the 
utmost useful power always involves expending one-third of 
the output of the station on pumping. 

Such a mode of operation would of course entail a sacrifice 
of one-third of the possible plant efficiency and, in practice, 
a compromise has to be struck between the conflicting require- 
ments of output and efficiency. 

As nuclear power plant is generally characterized by 
relatively high capital cost and low fuel cost, this compromise 
will normally be heavily weighted towards keeping up high 
output. 

For these reasons, the heat output obtainable for a given 
fractional pumping power is a more directly interesting 
measure of a coolant’s capability than is its effect on pumping 
power at a given output. Also, since it will thus pay to 
employ substantial pumping powers, even with the best 
coolant, the question of required circulator size is of 
importance. 


Circulator stages 

When using the lighter gases, He, H, or N, as coolants, 
stress considerations generally dictate that several circulator 
stages are required to induce the economically desirable 
cooling flow. It is therefore of interest to see how gas 
properties influence this requirement. Stress, rather than 
Mach number, has been taken as limiting stage performance, 
because in practice the sort of peripheral speeds consistent 
with long operating life, as well below the sonic speeds of 
these coolants. High Mach numbers are in any case not 
required, for only low pressure ratios are ever involved in 
reactor cooling. 

As is well known, geometrically similar designs of com- 
pressor stages, operating at the same stress (and therefore 
the same peripheral velocity), produce a stage temperature 
rise inversely proportional to specific heat, and this is the 
only gas property involved. This is true of both axial and 
centrifugal types. If the compression ratio is small, this 
implies that the pressure rise produced is proportional to the 
gas density only. 


From the definition of pumping power, we have hp 





WAP, 
= and from the heat balance, we have W oles 
e Cp AT, 
bini hich hp AP 5 
combining which, we get, Cp ATo (5) 
h 
This shows that if the fractional pumping power ” is to be 


H 
kept constant with different gases, the required pressure drop 
A P must vary as (cpp), if we stick to the same reactor tem- 
perature rise. The corresponding number of stages needed 
will therefore vary as cpp/p, i.e. as Cp, Or as CyM-". 


Substituting (5) in (1), gives: 


(air) 


From this, it follows that making a change of coolant at 
constant heat output, leads, other things being the same, to a 
pressure drop requirement proportional to cp-*o-', so the 
number of stages wanted would vary as (cpe)-?, or, at a given 
pressure to Cy,-’. 


Ats 
x¢p%o Fe AP (Sa) 


Circulator volume 

The circulator volume required is an important factor, 
because of its influence on cost, and also on accessibility. 
Again considering only geometrically similar stage designs, 
the compressor bulk will be proportional to the product of 
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volume flow, and number of stages, the throughput velocity 
being fixed because the blade, or peripheral velocities are 
fixed by stress. 

At constant reactor heat output, the volume flow required 
(at given temperatures and pressures) will be proportional to 
Cyu-, and this condition, we have seen, calls for a number of 
stages proportional to Cy-*, so the compressor volume wil 
be proportional to Cyy-*. 

In the constant fractional pumping power case, the volume 


flow which is proportional to for a given temperature 


eCp 
rise, would, by (1), vary as cp!, at a given reactor surface 
temperature. Since, we have seen the number of stages 
wanted varies as cp for these conditions, it follows that the 
circulator volume would vary as cp*/*, or Cyy*/*?M-*/?. 


Duct volumes 

It is normal practice to allocate some definite fraction of the 
total circuit AP to duct losses. The pressure loss in a duct 
of diameter dp, and length /p will be 


2fn2Vo"lp 
dp 
which is equal to 
8fp H*lp 
mCp"AT*edp° 


where fp is the effective duct friction factor. 

But, from (5a), the reactor pressure drop will be given by: 

H? 
AP Ee eT 
A*ATx*cp*oAts 

So, if we are to keep duct losses at a constant fraction of the 
reactor core pressure drop, we must keep f pA*x*Ats 
constant. ATdp” 

The required duct diameter is therefore proportional to 


A?x*Atsfp 1/5 
AT 


So, apart from very second order influences of Reynolds 
number on fp, we can say that cores of given voidage, designed 
to common surface and coolant temperature specifications, 
all want the same duct diameter—irrespective of the coolant, 
or the operating power. 


Heat exchangers 


Where a gas-cooled reactor is used for steam raising, the bulk 
of the required heat exchanger is mainly determined by the 
gas side conditions, for not only are liquid and boiling heat 
transfer values very high, but also generally much higher 
pressures would be used on the steam side, reducing the 
volume of the latter. 

In these circumstances, the general analysis of reactor core 
cooling could be considered as equally applicable to the 
performance of the heat exchanger, assuming that the latter 
employed no secondary surface. For a given distribution of 
component losses, this would mean that the required propor- 
tions between the dimensions of the reactor, the ducting and 
the heat exchanger would be unaffected by coolant choice. 
As in the case of the core, different gases would require 
different tube pitching, but overall shape, size and voidage 
would not be affected. 


Power gas turbines 

We have so far considered only components associated with 
an isolated primary circuit. Where a gas turbine producing 
external power is involved in the circuit, quite different 
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considerations prevail. In such a system, need for preserving 
reasonable efficiency would enforce the employment of reactor 
pressure losses small compared with the pressure differences 
across the turbine and compressor, the main consideration 
in working fluid choice then being left with its influence on 
turbine size. 

For the same thermal efficiency, the temperature rise across 
the compressors (and turbine temperature drops) must be 
kept constant. Since the temperature rise per stage is 
proportional to cp-', the number of stages wanted is propor- 
tional to cp, or to CyM-'. 

The gas volume flow rate would vary as Cyy-! for the same 
power and therefore the volume of the plant (product of 
number of stages and volume flow) would vary as cpCy,-', that 
is to M-}, 


Maximum surface temperatures 

We have so far employed the term Afs, the mean value of the 
surface-to-coolant temperature difference, to specify surface 
temperatures. In practice, heat release is not uniform 
throughout the core, and are usually interested more in 
maximum than in mean temperature. 

The term Ats is however still of use to us, for the required 
maximum temperature can be computed from it, once the 
heat flux distribution is known. 

Thus, for a sinsoidal axial heat flux distribution, it can be 
shown quite straightforwardly that: 


Tmax—Ty _ F Vv 1+ Grdban/aT? 7 
AT “* Sin7¢ ; 


where 7max is the maximum surface temperature 

AT is the coolant temperature rise in the highest flux channel 

¢ is the ratio of the core length to its extrapolated length 
between points of zero flux. 


Density changes 

We have so far treated density as though it were constant in 
the core. In practice quite substantial density changes are 
encountered due to temperature change. As a first approxi- 
mation we may treat p as the mean density in the core, but 
in this case the pumping powers computed would be too high, 
for circulators would normally be situated at the entry 
position, where the density would be higher. On the other 
hand, the approximation of constant density under-estimates 
the true reactor pressure drop, the more accurate expression 


being: 
ap w2 a. &F . a? 
(Ax)?om dc : Tm ii Pm 


This is higher than the figure ignoring density change by the 


factor: 
| dc AT AP 
"Rita * & 


The above two effects thus operate in reverse directions, and 
in practice, for the sort of forecasting in which we are indulging 
here, it is quite sufficient to ignore these complications as we 
have done. 


Heterogeneous cores 


We have dealt so far only with the homogeneous cores. This 
construction lends itself to general analysis of the kind we 
have been doing, because we can treat the number and size 
of the cooling passages as a quantity which may be varied at 
will to suit the cooling, the only factor substantially influencing 
the nuclear side of the business being the total voidage. This 
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has enabled us to draw realistic comparisons between coolants 
in projected designs having both surface and gas temperatures 
specified, for the changes in number and size of the coolant 
passages to meet these two conditions simultaneously can be 
made at constant total voidage, and therefore without 
influencing nuclear performance. 

However, it is of interest to see to what extent the present 
conclusions are relevant also to developments of the Calder 
type core. 

If finning is employed of the circumferential type, or if 
roughened surfaces are used, it has been shown,* that, for a 
given fin and channel geometry, the Stanton number S:, 


: : k 
based on fin root temperatures, is a function of Re - 
m 


The friction factor is independent of Re. Here km is the 
fin material conductivity. 


Now we have: 


Wd- pe Pr H 
e also 


Ax ph k Cp cpAT 
we get therefore: 


S = ee (6) 
ss ¥ AxA TPrkm 


Since P,, the Prandtl number, is virtually constant for all 
gases, this means that if we take a given core design operating 
at a given total output, we will get a constant value of S;, the 
Stanton number, for all gases, provided that we adjust the 
flow in each case to give a fixed value of coolant temperature 
rise. From (4) of the appendix, this implies that Ars, and 
therefore the mean fin root-to-coolant temperature difference 
is also determined. 

In this case therefore, since we do not have to change core 
design at all to secure constant surface temperatures, when 
AT is fixed, we can take the conclusions about the effects of 
changing coolants at a constant power output as being 
applicable also to Calder type cores. 

We cannot however generalize about the more interesting 
question of behaviour at fixed pumping power with varied power 
output, because the nature of the particular fin material and 
geometry adopted effects the form of the function (5) above. 

It is important to observe that, if smooth primary surface 
only had been employed, the remarks on the heterogeneous 
case would not be true, for friction factor would not be 
virtually independent of Reynolds number, and also it would 
not be possible to hold both coolant temperature rise and 
surface temperature constant in the comparison without at 
the same time varying the lattice pitch. 


General considerations 


In considering reactors for power production, the designer 
generally has little room for manoeuvre in selecting inlet and 
outlet temperatures, for the demands of the power plant 
prescribe these fairly narrowly. Also with reactor gas inlet 
and outlet temperatures fixed, the relative merits of different 
coolants may be considered without introducing complexities 
concerned with repercussions on the design of the main power 
cycle. The maintenance of constant reactor temperature rise 
in the present comparisons is therefore considered realistic, 
and indeed essential to any particularly meaningful result. 

Similarly, we have stipulated that the total core coolant 
voidage fraction shall not be varied in the comparisons, to 
avoid the confusion of bringing in changes in the nuclear 
performance. It is only fair also to keep constant core 
surface temperatures. To keep surface temperature, coolant 
temperatures, and core voidage constant simultaneously, 
requires that the number and size of the individual passages 
shall be chosen to suit the particular coolant used, but this is 
reasonable ,since we would not expect to change coolants 
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after having fixed the core design. This freedom to alter 
coolant channel pitch without interfering with nuclear 
properties is of course possible only with effectively homo- 
geneous cores. 

Finally, the overall core size and shape, and the operating 
pressure are kept constant, so that changes in size and cost 
of pressure vessel are not involved. The fixing of core size 
and voidage also implies that the required primary circuit 
duct dimensions are unaffected by these comparisons, and, 
where steam raising is the object, heat exchanger bulk is also 
approximately unaffected. 


Displaying results 

The expressions developed are collected together systematically 
in Table I, which also gives numerical results for a number of 
particular coolants. The figures, which are based on gas 
properties at a mean temperature of 550°C, give the values of 
the more interesting parameters relative to the case of helium. 


criterion of excellence. This makes argon a particularly bad 
performer. Helium although far the best of the inert gases, 
is seen to be not particularly outstanding otherwise. For 
instance, with CO,, we could get 40 pct more heat out, 
whilst employing only 13 pct of the blower bulk. Nitro- 
gen although restricting power to some 80 pct of the hel- 
ium value, would call for only about a tenth of the circulator 
bulk. Hydrogen, although capable of 2-64 times the output 
of helium would need 5-3 times the circulator bulk to do this. 
By contrast, if we could use CF, we could get nearly as much 
heat (2:04 times helium), but could get away with less than 
10 pct of the helium compressor bulk. Steam has been 
included in the list in case anyone contemplated using nuclear 
superheating in conjunction with boiling, or pressurized 
water reactors. Steam, in fact, turns out to be a very good 
cooling medium. The hydrocarbons methane, ethane and 
benzene have been included merely to illustrate the enormous 
potential benefit of the higher molar specific heats associated 


TABLE I—INFLUENCE OF GAS PROPERTIES 


Cm-=Molar sp heat (const. press.) 


Conditions held constant 


( Core external dimensions and total voidage 
| Ambient pressure 

















M_ Molecular weight in all cases. | Inlet and outlet temperatures 
| Surface temperatures 
Property Value with different gases, relative to Helium (at 550°C) 
System Additional Property proportional 
Condition Influenced to N, co, H, A CH, C.H, C,H, CF, Steam 
Pumping 
power Cm °*M 1-63 52 “14 9-6 ‘tl 04 02 24 “55 
Zz Constant Number of 
>~O heat Circulator Cm * 38 43 43 ‘97 (-09) (-03) (-01) (-049) 25 
i> output stages 
= Circulator 
«5 volume Cu ‘23 ‘05 29 96 (-02) (005) (001) (-011) ‘10 
as Total heat 
= Constant output Co -1/8 78 1-39 2-64 33 3-02 4-98 6°56 2:04 1-35 
<5 ratio of 
00 pumping No of circula- 
Ya power to tor stages CmM 22 23 3-1 ‘10 ‘83 76 ‘5I -20 -47 
U heat 
output Circulator Cm??2M -2/3 i “13 5:3 -033 “95 66 “45 093 -32 
volume 
Ps W en No of stages CmM 23 25 3-04 10 97 87 55 21 47 
= <at “a and Rotating 
OCS” —cencion plant Mo 14 09 2-0 10 25 13 O51 045-22 
& - iciency caieane 





NOTE: Bracketed figures hypothetical only as they would involve use of less than one stage 
as Properties taken from ‘Technical Data on Fuel’ by H. M. Spiers 


This table shows what happens when (a) the total heat 
output is fixed, or (b) when the fraction of the output devoted 
to pumping is fixed. It is important to note that the con- 
clusions here reached under heading (a), are applicable also 
to Calder-type heterogeneous cores, but this extension is not 
possible in case (b). Apart from its wider generality, case (a) 
is of interest when internal thermal stress, or nuclear con- 
siderations limit the power density desirable. Where power 
is only limited by what we can economically get away from 
the heated surfaces, operation at constant fractional pumping 
power is the appropriate criterion, for the reasons already 
outlined. This case is more graphically illustrated by Fig 1, 
which shows at a glance how power output and circulation 
plant size are effected by the chosen coolant examples. 


Some attractive possibilities 


Insofar as Table I and Fig | are largely self explanatory, it 
will be sufficient here to draw attention to one or two out- 
standing points. The inert gases, being monatomic, share 
the same value of Cy, leaving low atomic weight the only 
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with increasingly complex molecular structure. Unfortunately 
these are probably totally unacceptable on stability grounds, 
but are worth including, if only to dispose of any idea that 
hydrogen represents the ultimate as a gas coolant. 


One circuit systems 


The section of Table I dealing with power gas-turbine sets 
refers strictly only to the influence of the choice of gas for a 
possible secondary circuit containing a power turbine system, 
and the only aspects considered are the rotating plant size 
and complexity. These figures are however also approxi- 
mately applicable to closed cycles, including the reactor in 
circuit, provided the pressure drop allowance for the latter is 
not excessive. 


It will be seen that the machinery bulk becomes simply 
inversely proportional to molecular weight, thus making CO, 
or argon look very good for this purpose. In practice we 
would pay heavily in the size of heat exchangers wanted with 
the latter gas, but this is an aspect upon which we cannot 





NUCLEAR POWER SEPTEMBER 1957 








z\| 





conveniently generalize, as so much would depend on detail 
design. 

The subject of power gas turbines is in fact only introduced 
here to illustrate the point that recommendations about 
primary circuit coolants are not applicable to such systems. 


Potentialities of homogeneous system 


Finally, perhaps the most interesting by-product of the 
foregoing analysis has been derivation of the simple expression 
for heat rating applicable to homogeneous cores. The rather 
surprising outcome, that this should be predictable without 
knowledge of the individual size, shape or even length of the 
cooling passages is certainly a very convenient one. Apart 
from permitting us to generalize about coolants, this expression 
shows the potentialities of the homogeneous system in the most 
concise possible way, so far, that is, as heat removal is 
concerned. 
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Fig 1 

constant pumping power fraction, core external dimen- 

sion and voidage, ambient pressure, gas inlet and outlet 

and core surface temperatures. Duct and heat exchanger 
bulk would be approx constant 


Relative heat output and circulated volume for 


Nomenclature 
(any consistent units) 
SUGGESTED UNIT 
4 Total core frontal area re ais -. cm? 
a Total heated surface me - : cm? 


cp _ Specific heat of coolant (at const. pressure) erg/g/°C 


Cm_ Molar sp. heat (at const. pressure) ergs/mol/°C 


d. Hydraulic mean diameter of fuel element 
interspaces ie ee ma cm 
: eae APd- 
f Friction Factor 20Ve2l _ 
H Total heat output... ea oe .. erg/sec 
hp Pumping power a ai ay .. erg/sec 
k Thermal conductivity of gas es .. erg/sec/cm/°C 
km Thermal conductivity of metal fins .. erg/sec/cm/°C 
l Core depth .. a os ae :. 


M Molecular weight... mr ee oo 
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AP Pressure drop dyne/cm 


Re Reynolds’ Number x ie a 
H 
ae Vecp Ats 
To Coolant entry temperature .. ‘ si, ee 
AT Average coolant total temperature rise .. °C 
Ats Average temperature difference between 
surface and local coolant : _& 


St Stanton Number 


Ve Velocity in fuel element interspaces .. ¢m/sec 
W Coolant flow .. im g/sec 

x Coolant voidage fraction .. me oS 

U Coolant viscosity g/cm/sec 


Y Ratio of sp. heats... as si oS 
p Core length/extrapolated core length oo 


Appendix 
With a solid homogeneous core, of frontal area A, pierced 
by a lattice of uniform section cooling passages, occupying 
a total voidage fraction x, the relation between required 
pumping power and resulting rating can be derived as 
follows:— 


2e Vc? fl 
cen 2 (1) 
dc 
W = oAVex (2) 
H = cAVcATxep (3) 
H AATx (4 
at, re) VecpS:a aS: ) 
WAP 2oV.3 fIAx 
} = (5) 
? ° de 
4Axl 
de = (6) 
a 
Combining these, 
H 2 2x2 cp*o? hp 
: Ats 7 
( a) f H S:At (7) 
But, for smooth surfaces, S; i f, so, 


= + x2 cp? > Ats (8) (eq. 1 of art.) 
AAT , H 


The actual size and number of the individual coolant pas- 
sages in the core do not enter explicitly into (8), as they 
are dependent variables. Thus, from (4) 


a * AT 
A Si & 
which, with (6), give: 
de = 4 Sl(Ats/AT) (9) 
With smooth surfaces, we can take S, as being given by 
the empirical relation: 
St 028 Re--? (10) 


In order to avoid successive approximations S, may be 
eliminated from (¢), giving 


rt 
in (11) 
AAT [ecpx 


Substituting (10) and (11) in (9), we get 


Ats H aed ‘ 
14. =. 69 : uCpx)2 12 
de 1121 (ae) eS (ucpx)® (12) 


Where the core takes the practical form of a block of 
moderator, pierced by circular coolant channels, expres- 
sion (9) gives their required diameter directly. 
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Cross-Section by GRACCHUS 


SO INGRAINED is American mistrust 
of Government participation in any- 
thing that could conceivably be done 
by private enterprise that AEC chair- 
man Lewis’ Strauss’s accusations 
against the Joint Committee’ on 
Atomic Energy should not raise many 
eyebrows this side of the Atlantic. But 
I do think it rather amusing that he 
should consider the Joint Committee's 
directive telling him to build a gas- 
cooled reactor of the Calder type as 
leading to socialism. The vision of the 
Atomic Energy Authority as a bunch 
of reds with Sir Edwin Plowden as a 
sort of commissar is one that | am 
sure will be appreciated in St Giles 
Court. Seriously though, it is fascin- 
ating that the Americans should at 
this late date come round to the idea 
of natural uranium reactors—and gas- 
cooled ones at that. There is no doubt 
at all that they have an immense 
attraction for countries that wish to 
keep economically independent, what- 
ever the pros and cons in the United 
States. The Americans are going to 
find it none too easy to catch up on 
this particular line but their capacity 
for doing so should not be under- 
estimated. 


THE LONG delay in getting work 
started at Hunterston—even now the 
contractors have not been able to 
move in, due to a further legal delay 

has pinpointed very sharply the 
need for streamlining the _ reactor 
siting procedure. In the case of this par- 
ticular site, of course, a large’ part of 
the delay can be ascribed to the un- 
fortunate long illness and subsequent 
death of the first commissioner Sir 
James Randall Philip. It is devoutly to 
be hoped that this will not occur too 
often. Also the contract was awarded 
to the GEC Simon-Carves group be- 
fore the inquiry was held, which 
made the delay much more apparent. 
If, instead of announcing the contract 
last December, it had been postponed 
until the Minister finally gave his 
consent there would not have been 
nearly so much outcry, although of 
course the delay would have been just 
the same. The difficulty about this 
procedure is that the inquiry must 
obviously know pretty exactly what 
sort of station is to be built on the 
site and this cannot be known until 
the electricity authority has chosen a 
design from amongst those tendered. 


In the report on the Hunterston in- 
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quiry, it is revealed that the success- 
ful tender was based on ‘a typical, 
not actual site.” This must make things 
very difficult for the designers. It 
seems to me that if these public in- 
quiries are to be held every time a 
nuclear power station site is selected 
then somehow things must be 
arranged so that the tenders can be 
asked for based on a definite site and 
that when the successful bid is chosen 
the contractor must be able to move 
right in. 


THE CHIEF of one of Britain's big- 


gest shipbuilding concerns, Harland 
and Wolff of Belfast, has recently 
pronounced his views on nuclear pro- 
pulsion (see Worldview). Doubtless, a 
certain amount of caution is no bad 
thing in dealing with a subject which 
can get close to science fiction but 
Sir Frederick Rebbeck’s gloomy prog- 
nostications (‘a quarter of a century 
before you see anything very active 
going down to the sea’) are surely go- 
ing to the opposite extreme. Perhaps 
he has never heard of the new United 
States Navy? America has now built 
its very last conventional submarine 
and has at the moment two atomic 
submarines in commission with a fur- 
ther 13 on the stocks or definitely 
authorized by Congress. In addition, a 
14,000-ton guided missile cruiser and 
an 80,000-ton carrier have been ordered 
by the US Navy. 

Now, I know Sir Frederick was re- 
ferring specifically to merchant ships 
and naval vessels are not built with 
the same regard to economics. Never- 
theless, there is no doubt at all now 
that nuclear power is a perfectly feas- 
ible method of ship propulsion and 
that economical operation is only a 
matter of straightforward engineering. 
Nor are all current propulsion pro- 
jects naval: last October President 
Eisenhower authorized a 20,000-h.p. 
passenger-cargo liner and the Russians 
have a 16,000-ton icebreaker due for 
launching this year. Even in_ this 
country things are moving quite fast. 
In addition to HMS Dreadnought, at 
least four of Sir Frederick’s competi- 
tors are known to be actively engaged 
in A-ship design and two of them 
have actually announced some details 

0,000-ton tankers in each case. 

What makes Sir Frederick’s speech all 
the more mysterious is that his firm 
have been advertising for some con- 
siderable time that they are ‘ suppliers 


of plant and equipment used in the 
production of nuclear energy.’ 

No, Sir Frederick, I think you are 
wrong and that five years from now 
will certainly see something extremely 
active going down to the sea—safely 
enclosed, I hope, in a stout pressure 
vessel. 





ARE FUSION reactors really closer 


than we think? For some time now 
I have had the impression that the 
AEA, or at least its Research Group, 
has lost interest in fission. This is 
of course a gross oversimplification 
but all sorts of things are be- 
ginning to add up to a picture. The 
3rd Annual Report, for example, says 
the old 3-stage reactor development 
programme has been abandoned in 
favour of ‘a more flexible pattern of 
development. This sounds vague 
enough to be covering something. 
Also, recent public statements by 
prominent AEA officials indicate a 
period of about 15-20 years both as a 
useful development life for the Calder 
type reactor and also for the practical 
realization of the fusion reactor. The 
coincidence is probably no mere acci- 
dent. Work is no doubt going ahead on 
various types of enriched-fuel fission 
reactors for propulsion and _ other 
applications where relatively small 
units are needed. But as far as central 
power stations are concerned my 
guess is that we are now only interes- 
ted in the Calder approach, believing 
that this will do all we need until the 
thermonuclear reactor is a working 
proposition. Development of _ this 
theme however can only be specula- 
tion since it is impossible to find out 
what really is going on. In June a 
conference on thermonuclear work 
was held at Harwell and although this 
time a number of British firms were 
invited, as usual the Press was banned. 
I have often heard complaints about 
press handling of thermonuclear news. 
This is bound to continue until the 
AEA are prepared to let us have some 
really hard facts. 

Next year’s Geneva conference is to 
include a session on fusion reactors. I 
well remember the sensation caused 
at the 1955 conference when the 
Russians gave details of a fission 
power station complete and working. 
Better prepared this time, it will not 
surprise me at all to hear of a thermo- 
nuclear reactor actually in operation. 
It would be nice if it were a British 
delegate that gave the news. 


A READER sends me this from the 


Cyprus Mail— 

* Britain’s latest and most up-to-date atom power 
Station . . . has as its centrepiece a unique giant 
steel sphere 135ft in diameter constructed to 
house a fast breeding rector.’ 


That fast? 
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Pye at Het Atoom 
va swimming pool reactor at the Het 
Atoom exhibition (Worldview, July) 
observation of the position and _ be- 
haviour of the control rods is achieved 
by a Pye spherical static underwater 
TV camera. Observations are made on 
monitors outside the reactor container. 
Pye are showing a range of nuclear 
equipment at the exhibition, open at 
Schiphol Airport until September 15. 
Right and left hand manipulators are 
set up as working exhibits, with the 
control end outside a concrete enclosure 
and used to handle test tubes of liquid. 
Pye produce a standard range of man- 
ipulators which can be fixed into walls 
of thickness from 2ft to 4ft 6in. or 
more, with master and slave ends cap- 
able of elongation up to 39in. With 
power assistance, specially designed 
units can be extended to approximately 
17ft. Jaws can be designed to suit any 
handling task. Industrial 
vision is also being shown in conjunction 
with a microscope. This is designed for 
remote observation of radioactive metal- 
lurgical specimens and at the exhibition 
is placed next to the manipulator to 
show how the samples can be changed 
remotely. 


The Atom 1957 


This is the name of an exhibition organ- 
ized by the Sunday Times in association 
the UKAEA to be held in Park 
Lane House from October 8 to 26. Scope 
of the exhibition, which will be presented 
in a simple, non-technical manner, will 
include the potential of atomic energy in 
industry, medicine, agriculture and re- 
search. A section specially designed to 
advise younger visitors will be devoted 
to careers. Lectures and film shows will 
also form part of the exhibition. Opening 
hours will be 11.30 a.m. to 9.30 p.m. and 
admission Is. 


BOG equipment at Farnborough 
Several new developments will be exhi- 
bited for the first time at Farnborough 
by British Oxygen Gases Ltd. With 
the new Argonarc spot welding equip- 
ment, incorporating the Argonarc com- 
posite rectifier 150 and new crater filling 
devices, it is possible to produce high 
strength spot welds to the maximum con- 
sistency required for aircraft structures 
and engine components in 
steels, and other high 
within this group. 

The automatic arc length control unit 
for machine Argonarc welding is the 
first British made set of its kind for 
both a.c. and d.c, welding. This is in- 
tended for use where an extremely high 
degree of weld consistency is required. 

The new Argonarc cutting process en- 
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ables aluminium plate up to lin. thick- 
ness to be cut at very high speeds— 
1000ft per hour for jin. thick plates— 
using either high purity nitrogen or 
mixtures of argon and hydrogen or 
nitrogen and hydrogen. A clean cut edge 
is produced with little or no adhering 
dross, and the process can be used 
either manually or in conjunction with 
automatic profile or straight line cutting 
machines. 

A new liquid nitrogen system for 
creating an inert atmosphere in aircraft 
fuel tanks and so reducing fire risks 
will also be shown by British Oxygen 
Engineering Ltd. The system has been 


developed after three years’ work in 
collaboration with the Ministry of 
Supply. 


° ° 
Measuring rotor diameters 

A small distance bridge to measure the 
increase in diameter of turbine rotors 
at working speeds has been developed 
by the Wayne Kerr Laboratories in 
conjunction with Bristol Aero Engines 
Ltd, and this will be on show at Farn- 
borough from September 2-8. To achieve 
maximum efficiency in the operation of 
aircraft turbine engines, the clearance 
between the rotor blades and the outer 
must be kept to a minimum, 
when nearly all the energy in the jet 
system is imparted to the rotor blades. 
At the enormous speeds encountered in 
modern engines, say 40,000 rpm, there 
is a tendency for the metal in the rotors 
to flow due to centrifugal force effects. 
This results in a slight increase in rotor 
diameter, and the clearance between 
blades and casing must be designed 
taking this factor into account. 


casing 


The Wayne Kerr measuring device 
uses a transformer ratio arm_ bridge 
which can detect an extremely small 
change in capacitance at the ends of 
cables of almost any length. A small 
probe is fixed very near the rotor peri- 
phery and the capacity between them 
measured. Increase of rotor diameter is 
given precisely by increase in capacity. 


Gen Dynamics merger discussed 

In New York last month the possibility 
of a merger between the General Dyna- 
mics Corporation and the Liquid Car- 
bonic Corporation was discussed. The 
boards of both companies approved in 
principle an agreement by which Liquid 
Carbonic would become a division of 
General Dynamics, with Rex L. Nichoi- 
son, present president of Liquid Car- 
bonic, becoming senior executive of the 
division. ‘Our philosophy as a corpora- 
tion is to develop the tremendous 
potentials of the aerodynamic, astronau- 
tic, hydrodynamic, electronic and 
nuclear technologies in which Dynamics 
is actively engaged’, said Frank Pace, 
General Dynamics president. ‘ A logical 
extension, therefore, of the corporation’s 
activities is an entry into the chemical 
field, especially with respect to com- 
pressed and liquid gases which are ex- 
tensively interrelated with missiles, air- 
craft, applications of nuclear energy, and 
electronics.’ 

General Dynamics built USS Nautilus 
and Seawolf, and recently signed an 
agreement with Texas Atomic Energy 
Research Foundation for a four year 
$M10 jointly-sponsored research pro- 





SEEN AT HET ATOOM Control desk for AMF swimming pool reactor now working 
at Schiphol airport was built at Philips’ Eindhoven works. When the exhibition 
ends on September 15, reactor will go to Delft University 
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built, calibrated and tested. 


AIR-CONDITIONED ASSEMBLY In Avo Ltd’s new dust-free zone, instruments are 
Personnel and visitors alike have to comply with 


exacting standards of cleanliness 





gramme in the field of thermo-nuclear 
power. 

Meanwhile one of America’s senior 
nuclear physicists, Professor Donald W. 
Kerst, the inventor of the betatron, has 
joined the John Jay Hopkins laboratory 
for pure and applied science of General 
Dynamics Corporation's General Atomic 
Division. At present technical director 
of Midwestern Universities Research 
Association, Dr Kerst will be project 
leader of the laboratory's controlled 
thermonuclear energy research  pro- 
gramme mentioned above. The aim of 
the programme is the understanding and 
production of heavy hydrogen reactions 
at high temperatures under controlled 
conditions. Dr Kerst has been an im- 
portant consultant in the AEC’s con- 
trolled fusion research. From 1940 to 
1941 he worked at General Electric's 
research laboratory where he built a 20 
million betatron. This 
machine was brought to the University 
of Illinois in 1941 for physics experi- 
ments. During the war as a member of 
the Manhattan Engineer Project he was 
the leader of the Los Alamos Scientific 
Laboratory group that constructed the 
first enriched uranium chain reaction the 
water-boiler reactor. 


electron’ volt 


Weatherfoil heating exhibition 
Two private exhibitions of their heating 
equipment are to be held in Birmingham 
and Glasgow by the Dravo Division of 
Weatherfoil Ltd. They should be of par- 
ticular interest to architects, surveyors, 
heating engineers and anyone concerned 
with the heating of factories, multi-storied 
offices, flats and workshops. Technical 
staff of Weatherfoil will be present at 
both occasions. 


388 





The exhibitions will be at the follow- 
ing places: at the Exchange and Engin- 
eering Centre, Birmingham, from Sep- 
tember 24 to 26, between 10 and 6; at 
the East Room, McLellan Galleries, 
Glasgow, from October | to 3, between 
10 and 6. 


Irradiated polythene by BICC 


The manufacture of several types of 
small coaxial radio frequency cables in- 
sulated with irradiated polythene is 
announced by British Insulated Callen- 
ders Cables Ltd. The insulation is 
irradiated to reduce deformation of the 
core during soldering, but otherwise 
these cables are of a standard construc- 
tion. Although the power factor is 
slightly increased, other _ electrical 
characteristics are virtually unimpaired, 
and the cables are recommended for 
normal r.f. applications at frequencies 
up to 200 Mc/s. 

Irradiated polythene equipment wires 
with improved soldering properties are 
also available together with a similar 
type of wire which is also satisfactory 
for continuous operation up to 100°C. 
The latter may also be operated at 
120°C for 1500 hours and for shorter 
periods, approximately 1 hour, up to 
250°C, provided the insulation is not 
placed in contact with bare copper. 


Turner form subsidiary 

As a result of their extensive experience 
in the field of hydraulics and pneu- 
matics for the aircraft industry, the 
Turner Manufacturing Co Ltd, Wolver- 
hampton, have formed a_ subsidiary 
company, Hydraulics and Pneumatics 
Ltd, for the manufacture of hydraulics 
and pneumatics for general industrial re- 
quirements. By the terms of an agree- 


ment recently made with the Modernair 
Corporation of America, Hydraulics and 
Pneumatics Ltd will manufacture in 
Britain the up to date range of pneu- 
matic components developed by the 
American company. They have also 
introduced a comprehensive range of 
hydraulic equipment comprising high 
pressure automatic variable delivery 
pumps, high pressure gear pumps, hand 
operated and solenoid operated selec- 
tors, and cylinders. Some of these will 
be on show at the Engineering, Marine, 
Welding and Nuclear Energy Exhibition. 


Prototype reactor gas valve 
The body of a S4in. full way valve, 
developed from the cast steel type sup- 
plied by J. Blakeborough & Sons Ltd 
for Calder A, has been fabricated by 
Davey, Paxman & Co Ltd. Made under 
contract for the UKAEA, this is a proto- 
type and no particular destination has 
been officially named. The fabricated 
body is now with Blakeborough who 
will fit it with the valve components and 
control gear and be responsible for the 
final machining and testing. The valve is 
constructed in BS 14 steel to Lloyd's 
class | requirements for a working pres- 
sure of 125 psi, tested 250 psi, at 700°F. 

¢ ies. 






—~ al 





In welded fabrication. this 54-in. gas 

isolating valve is a prototype for com- 

parison with the cast bodies used at 
Calder Hall 


New radiation protection service 
Philips Electrical Ltd announce the intro- 
duction of a radiation protection service 
to be operated by the company’s 
Research & Control Instruments Divi- 
sion, Service offers consultation on X- 
radiation protection problems, without 
cost or obligation, and provides for the 
planning and equipping of complete X- 
ray departments with all necessary pro- 
tective measures, as well as the revision 
of such measures in existing departments. 
Other features of the service are the 
supply of all types of protective media 
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such as lead, lead ply, Philitex blocks 
(barium sulphate) and protective doors; 
complete installations to specification; 
advice on suitable electrical interlocks 
and other safety measures; the provision 
of special handling gear for X-ray equip- 
ment—this can be integrated with the 
design and protection of the X-ray de- 
partment. 

Further information from _ Philips 
Electrical Ltd, Research & Control 
Instruments Division, Century House, 
Shaftesbury Avenue, London, WC2. 


Siemens and Edison Swan merge 
The two AEI subsidiaries, Siemens 
Brothers & Co Ltd and the Edison Swan 
Electric Co Ltd merged recently into 
a new manufacturing and selling organ- 
ization, Siemens Edison Swan _ Ltd. 
Edison Swan has been a member of AEI 
since 1928 and Siemens Brothers since 
1955, and for the last two years Siemens- 
Ediswan Ltd has acted as a coordinating 
body for the two companies, This latest 
move completes the integration. The new 
company will own and operate a number 
of factories and make a wide range of 
light engineering products, including 
telephone and telecommunication equip- 
ment, radio and television valves, cables, 
marine equipment and domestic electric 
equipment. It will employ 21,000 people 
in 4 million square feet of factory space 

Chairman of Siemens Edison Swan is 
Lord Chandos, chairman of AEI; manag- 
ing director of the new company is Dr. 
J. N. Aldington, a director of Siemens 
since 1949. 


APY agreement with Rosenblad 
The APV Co Ltd has .concluded an 
agreement with the Rosenblad Co of 
Stockholm for the exclusive manufacture 
and sale of the Rosenblad heat exchanger 
in the United Kingdom. APV willalso be 
responsible for its sale in the Common- 
wealth, except Canada, and in the Middle 
East. Manufacturing and selling rights 
were previously held by Ashmore, Ben- 
son, Pease & Co Ltd. The Rosenblad is 
a heat exchanger of spiral construction 
that can be manufactured in a wide 
range of metals and sizes and in various 
types. Its applications are complementary 
to those of the Paraflow plate type of 
heat exchanger long associated with the 
name of APV. This, together with the 
manufacture of tube and shell heat ex- 
changers, greatly widens the field of duty 
for which APV can offer heat ex- 
changers. 


Computer exhibition next year 

An Electronic Computer Exhibition, to 
include data handling equipment of all 
kinds, is to be held at Olympia from 
November 28 to December 4, 1958. The 
first of its kind to be held in Great 
Britain, it is being sponsored by a joint 
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committee of the Radio Communication 
and Electronic Engineering Association 
and the Office Appliance and Business 
Equipment Trades Association, Concur- 
rently with the exhibition there will be 
an international symposium, organized 
by the NPL, at which papers dealing with 
the applications of computers to prob- 
lems in business, industry and science 
will be read and discussed. 

The exhibition will show complete 
systems of automatic electronic data pro- 
cessing equipment, including digital and 
analogue computers, all the new forms 
of magnetic input and output equip- 
ments, high-speed printers and telemeter- 
ing systems, Applications and demonstra- 
tions of this equipment will cover finan- 
cial management and administration, fac- 
tory control and industrial and scientific 
research 


British Oxygen-Ferranti cooperation 

An extensive twelve months’ research co- 
operation between the British Ov ygen 
Company and Ferranti Ltd, has resulted 
in great advances in the field of com- 
puter controlled flame cutting machines. 
The new equipment which will result 
from this link-up is the first of its kind 
in the world, and will have application 
in all branches of heavy engineering and 
particularly in atomic energy and chemi- 
cal engineering. It is essentially an appli- 
cation of Ferranti machine tool control 
methods to new developments by British 
Oxygen in the field of oxygen cutting. As 
well as fully automatic operation of the 
profiling process, the system includes 
special features for controlling automa- 
tically the gas supplies to the cutting 
blow pipes, automatic ignition, pre-heat 
flame monitoring, nozzle-height sensing 
and cutter head rotation. Demonstrations 
of the first experimental machine are ex- 
pected to take place in the autumn. 


New research lab opened 

Radio Heaters Ltd have opened a new 
research laboratory at Wokingham, Berk- 
shire, to do work on high frequency 
induction and dielectric heating equip- 
ments of all types. The services of this 
new laboratory will be available to any 
potential industrial user of this type of 
equipment, The work of the laboratory 
includes induction heating for brazing, 
soldering, hardening and _ annealing, 
heavy induction plant for billet heating 
and melting, radio frequency dielectric 
heating plant for the compression section 
of the plastic moulding industry, the food 
industry, drying, and rapid wood glue 
setting. 

Research is also being done on the 
electronic bonding and welding of ther- 
moplastic sheeting materials, including 
problems associated with electronic quilt- 
ing and upholstery in high speed auto- 
matic presses. 
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Met-Vick tank for CERN 


A 40 ft, 9 ton section of steel vacuum 
tank was dispatched last month from the 
Trafford Park works of Metropolitan- 
Vickers to Geneva where it will form 
part of the 50MeV proton linear accelera- 
tor of the Conseil Européen pour la 
Recherche Nucléaire. When completed, 
the accelerator will be 100 ft long. Equip- 
ment was carried on a lorry and trailer 


















Section of a vacuum tank for CERN’s 50 
MeV reactor at Geneva leaves Met-Vick’s 
Trafford Park works 


specially adapted to permit relative 
movement without involving the risk of 
distorting the tank. On arrival at Tilbury, 
the lorry was driven direct on board the 
‘ drive-on, drive-off* ferry of the Trans- 
port Ferry Service, and the journey to 
Switzerland was continued without dis- 
turbing the load. 


In brief 


The Solartron Electronic Group Ltd, 
Thames Ditton, Surrey, has decided to 
sell no longer through agents in the 
United Kingdom. In future, all inquiries 
should be sent direct to the Group at 
the Thames Ditton headquarters. 


Vitro Engineering Co have been 
awarded a contract to design and con- 
struct SOOMW (thermal) reactor near 
Rome for the Italian Government. 


Norris Warming Co Ltd, heating, venti- 
lating and air-conditioning engineers, and 
F. A. Norris & Co Ltd, constructional 
steelwork specialists, have opened new 
offices at 38-40 Elm Grove, Portsmouth. 


Ministry of Commerce is to build and 
let a new factory to Lee Guinness Ltd. 
Located near the company’s existing fac- 
tory at Newtownards, Co Down, it will 
produce automatic control gear, and em- 
ploy between 400 and 500. 


William Beardmore & Co Ltd of Park- 
head Steelworks, Glasgow, El, have 
changed their London office address to 
11 Hamilton Place, London, W1. 
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Industrial graphite conference 


The Society of Chemical Industry is to 
hold a three-day conference on industrial 
carbon and graphite from September 24 
to 26, at the William Beveridge Hall, 
London University. Considerable interest 
has been shown by various countries in- 
cluding the USA, Russia, France and the 
Netherlands and more than fifty papers 
have been submitted. Contributions will 
come from government departments in 
Britain and overseas, and industry will 
be represented by applicational papers. 

There will be a whole session devoted 
to graphite in the nuclear power industry 
which will include the following papers: 
The use of graphite as a moderator in 
nuclear reactors by E. E. Lockett (Har- 
well); Some physical properties of gra- 
phite as affected by high temperature 
and_ irradiation by John E. Hove 
(Atomics International, USA); The effect 
of neutron irradiation on the physical 
properties of graphite by J. H. W. Sim- 
monds (Harwell); Compatibility problems 
of graphite moderators by Dr A. B. 
McIntosh. W. G. O'Driscoll and Dr C. 
Tyzack (UKAEA, Culcheth) and Prob- 
lems in the production of nuclear gra- 
phite by P. Cornuault and H. des 
Rochettes (Société Péchiney, France). 

In a session on the manufacture of 
carbon and graphite, M. S. T. Price and 
F. W. Yeats (Harwell) will speak on The 
Harwell experimental graphite plant. 
Three members of the GEC Research 
Laboratories, H. W. Davidson, Dr T. B. 
Copestake and Dr B. L. Tonge will pre- 
sent a paper on Reaction of graphite with 
carbon dioxide at temperatures near 
500°C. 

Further details of the conference and 
application forms can be obtained from 
the Assistant Secretary, Society of Chem- 
ical Industry, 14 Belgrave Square, Lon- 
don, SW1, or from the Hon Sec of the 
conference committee, E. A. Smith, 
Acheson Industries (Europe) Ltd, 18 Pall 
Mall, London, SWI. Conference mem- 
bership includes a set of preprints of the 
papers. An exhibition of carbon and 
graphite will be held in the chemical en- 
gineering department, University College, 
London, during the conference. 


BA to discuss fusion 


This year the British Association for the 
Advancement of Science meets in Dublin 
from September 4 to 11. President for 
1957 is Prof P. M. S. Blackett and the 
subject of his address will be Technology 
and world advancement. Several sections 
will contribute to this theme, notably one 
on industrial applications of thermo- 
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nuclear reactions. Sir George Thomson 
will speak on Controlled thermonuclear 
reactions and J. D. Lawson on Nuclear 
fusion as a possible source of power. One 
of the evening discourses will be by Dr 
H. J. Bhabha, chairman of the Indian 
Atomic Energy Commission, on The 
economics of atomic power development 
in the Indian atomic energy programme. 
CEA chairman, Sir Josiah Eccles, will 
speak on Energy and power supply, re- 
viewing basic sources of energy, the 
scope for their application to power pro- 
duction and the pattern of future exploi- 
tation in Great Britain. In the same ses- 
sion, Prof O. A. Saunders, Imperial Col- 
lege, will discuss Engineering problems 
associated with heat transfer. 

No scientific qualifications are required 
for membership of the British Associa- 
tion. Associate membership costs 2 
guineas for adults, 10 shillings for stu- 
dents and school children. Application 
should be made to the secretary, G. V. 
Allen, at Burlington House, London WI. 


IRE convention at Cambridge 


The convention on Electronics and Auto- 
mation held in Cambridge from June 26 
to July 1 by the British Institution of 
Radio Engineers was attended by more 
than 450 delegates, a high proportion 
from abroad. Several aspects of nuclear 
energy received attention. H. Bisby of 
the UKAEA gave a survey of radiometric 
instrumentation used for process control 
and discussed design features of plant 
instruments covering radioactivity assay 
by direct emission and absorption tech- 
niques. 

Dealing with monitoring instruments 
in the first category, Bisby explained that 
the prime purpose is to present informa- 
tion on process behaviour in a form suit- 
able for both interpretation by an oper- 
ator and post analysis, and gave examples 
of measurement of particular types of 
radiation defined by the product con- 
cerned. He also discussed those cases 
where direct access to process streams is 
precluded either physically, or by a lack 
of detector sensitivity, and when auto- 
matic sampling techniques are necessary. 
Some of the methods he described were 
those now being used in the UKAEA 
factories. 

In two specialist papers, Fluid density 
measurements by gamma-ray absorption 
by R. Y. Parry and A. E. H. Hodgson 
and The role of gamma-ray level detec- 
tion systems in chemical plant instrumen- 
tation by E. W. Jones, the special advan- 
tage of the radioactive method—that it 
can operate entirely from outside the 
vessel—was emphasized, and the preci- 





sion of measurement possible was gi\ en. 
For instance, changes in specific gravity 
of 0°2% of liquids in steel walled pipes 
of up to 14 in. dia. could be detecied, 
and levels could be measured wit! a 
precision of = ;/; in. 


Nuclear courses at Borough Poly 


The courses in nuclear technology at 
Borough Polytechnic begin again in Octo- 
ber. Evening lectures by specialists from 
the UKAEA, industry and colleges are 
held weekly. including a series of 24 lec- 
tures on nuclear power starting October 
10, eight in nucleonic circuitry from 
October 2, fifteen on nuclear particle 
techniques from November 27, ten on 
radiation chemistry from October 14, and 
five on reactor .instrumentation and con- 
trol from April 17. Of the two laboratory 
courses on nucleonic techniques and mea- 
surements, the two-month full time 
courses beginning on October 14 and 
April 14 should be of particular value. 
There is also a part-time course held on 
Friday afternoon and evening starting on 
October 11 or on Tuesday morning and 
afternoon from October 8. These courses 
comprise laboratory work with support- 
ing lectures on the properties of nuclear 
radiation, nuclear techniques and radio- 
isotope measurement and applications. 

Further details are obtainable from 
the Secretary, Borough Polytechnic, 
Borough Road, London, SE1. 


Low temperature gas separation 


The Low Temperature Group of the 
Physical Society and the Institution of 
Chemical Engineers are jointly organiz- 
ing a one-day conference on Recent 
developments in industrial low tempera- 
ture gas separation. It will be held on 
Tuesday, November 26, at The Royal 
Institution. Tentative programme includes 
The low temperature separation of light 
hydrocarbons, by C. C. King, Purification 
of hydrogen for distillation by W. H. 
Denton and /ndustrial tests on hydrogen 
distillation by R. Condamin. 


BS on inch/metric conversion 

Conversion of inch and metric sizes on 
engineering drawings is of great impor- 
tance in trade with countries using the 
metric system. There has long been a 
need for a standard practice which gives 
the essential accuracy required for pre- 
cise dimensional interchangeability. This 
need has now been met with the publi- 
cation of BS 2856, Precise conversion of 
inch and metric sizes on engineering 
drawings. This lays down an optimum 
fineness of rounding the converted size 
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so that conversion is of the required pre- 
cision but at the same time avoids an 
excessive number of decimal places in 
the converted size. 

he recommended procedure of con- 
version takes the form of simple rules 
for the successive steps in conversion and 
deals with typical cases under the head- 
ings: simple features having two limits 
of size; groups of simple positional fea- 
tures; datum dimensions: and untoler- 
anced dimensions. Examples of the appli- 
cation of the rules are given for each of 
these cases. Tables of conversion from 
inches to millimetres, and vice versa, 
are included in an appendix. 


Copies of the standard may be ob- 
tained from the British Standards Insti- 
tution, Sales Branch, 2 Park Street, Lon- 
don, W1, price 3s 6d. 


Non-destructive testing committee 


In recent years the subject of the non- 
destructive testing of materials has 
achieved great importance. Societies have 
been formed with this as their main in- 
terest, while other Institutions of longer 
standing have devoted a more or less 
substantial part of their technical pro- 
grammes to the discussion of non-des- 
tructive testing principles and techniques 
At the beginning of this year a combined 
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appeal was made by a number of socie- 
ties to the Joint Committee on Materials 
and their Testing to foster the establish- 
ment of a national committee as a focus 
in the UK for all interest in this aspect 
of testing. The Joint Committee accord- 
ingly set up a sub-committee to examine 
this request which has now approved the 
constitution, terms of reference and rules 
for a committee to be known as The 
British National Committee for Non- 
destructive Testing. Pending an election, 
the chairman of the British National 
Committee will be C. H. Stanger, 
AMICE, AIStructE, who took the Chair 
of the investigating sub-committee. 
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Aiming high 


A Target for Euratom Luxembourg 1957: European Coal and 
Steel Community, High Authority 


The broad outlines of the report to Euratom by its ‘ three wise 
men —Louis Armand, Franz Etzel and Francesco Giordani— 
have been known for some time. but the complete report has 
just been published. Very briefly, the Armand committee re- 
commend that the six Euratom countries should aim at having 
installed by 1965 a total nuclear generating capacity of 15 
million kW and they envisage that this might be divided about 
equally between British-type natural uranium reactors and 
American pressurized or boiling water reactors. The economic 
evaluation of these types is gone into very thoroughly, 
although this section is somewhat marred by misprints— 
especially a confusion between dollars and pounds. 

On the question of enriched fuel, Euratom now seem 
noticeably less enthusiastic on diffusion plants than they were 
believed to be at one time and the report says it is ‘ pro- 
bable’ that economic ways of using plutonium will be found. 
As already reported, the wise men are on record as being 
very impressed with the idea of natural (or even slightly de- 
pleted!) uranium reactors moderated by heavy water. In a 
report of striking phrases, one stands out: 

Every year that is lost in constructing nuclear power stations 
means that conventional stations, requiring increased oil or 
coal imports—and which continue to consume oil or coal 
throughout their lifetime of twenty or thirty years—will be 
built instead. In view of this situation, Europe must within 
the limits set by the pattern of electricity production, con- 
struct nuclear stations as rapidly as possible. 

To achieve this, the wise men say that first orders for plant 
must be placed by the end of 1958 . . . no doubt Mr Maudling, 
the newly appointed Minister for European integration. is fully 
aware of all this. 


Nuclear power for management 


The Industrial Challenge of Nuclear Energy Published by OEEC 
London 1957: HMSO Price 30s 


In April 1957 the Organization for European Economic Co- 
operation held a conference in Paris on ‘ Nuclear Energy for 
Management’ and followed this with a similar conference at 
Amsterdam in June. This volume includes all the lectures 
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given at the Paris meeting and forms an excellent survey of 
the present status and future prospects for nuclear energy de- 
velopments in Europe. 

These OEEC meetings are obviously of great value to indus- 
trialists and the publication of the proceedings should ensure 
them reaching a very wide public. Reading the contributions 

—-many of them from countries hardly yet in the picture as 
far as practical atomic energy is concerned—one is streck with 
the speed with which Europe is learning. The book should 
be read carefully by top management circles in Britain, for 
the world * Challenge’ in the title is not merely a literary de- 
vice but a very real concept. 

A map is included which gives the location of all nuclear 
energy undertakings in Europe. The usefulness would have 
been greatly increased had it included a few more topo- 
graphical features: as it is, the establishments are shown on 
an otherwise blank space. 





No longer fiction 


Space Research and Exploration D. R. Bates (Ed) 53 by 83 in. 
244 pp. London 1957: Eyre & Spottiswoode. Price 25s 


The news that the Royal Aeronautical Society and the British 
Interplanetary Society recently cooperated in an international 
conference on high altitude and satellite rockets means pre- 
sumably that the subject is now invested with respectability. 
The appearance of Professor Bates’ book at this time is thus 
welcome—particularly since this author’s treatment of their 
themes is eminently respectable. It consists really of mono- 
graphs on various topics by twelve well-known authorities. 

After an admirable introduction and history by Mr Clarke 
and Mr Cleator respectively, sections follow on rockets, the 
upper atmosphere, cosmic radiation (by Dr L. R. Shepherd, 
Harwell), meteor hazards, the earth satellite programme (Prof 
H. S. W. Massey), the manned satellite station, interplanetary 
orbits, space navigation, medical and biological problems, con- 
ditions on the moon and nearer planets. 

The treatment is on the whole simple and when recourse 
has to be made to mathematics, this is banished to appendixes. 
On nuclear energy for rocket flight, there seems very little 
hope at the moment. Mr J. Humphries shows that using a 
nuclear reactor the thrust obtainable is very little better than 
that from a high energy chemical propellant. It might be im- 
proved using a gaseous reactor but the size would have to 
be gigantic. Finally there is the ion rocket and Humphries 
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believes that it would only be of use for low thrust journeys 
such as those between satellite orbits. 

The book is well produced and forms an excellent intro- 
duction to a subject upon which we are still on the edge. 


Simple knowhow 


Nuclear Power Engineering Henry C. Schwenk, Robert H. 
Shannon and B. G. A. Skrotski. 54 in. by 8} in. 319 pp. London 
1957: McGraw-Hill. Price 49s 


Written primarily for engineers with but scant knowledge of 
modern physics, Nuclear Power Engineering is a valuable 
introduction to a subject which many otherwise well qualified 
readers find troublesome. For the first eight chapters the 
authors steer a skilful course between vulgar oversimplification 
and the complete treatment and manages by the use of ex- 
tremely clever illustrations and captions to convey vividly the 
notions of nuclear interactions, fission and chain reactions. This 
is not to say that mathematics is completely out: the principal 
fission formulae are quoted without derivation and their use is 
demonstrated. 

The latter part of the book deals with engineering pro- 
blems of removing and utilizing reactor heat and of reactor 
control and good though it is, in a fairly elementary way, it 
completely ignores the important contribution to nuclear power 
knowledge of the Calder Hall type of reactor. Britain, in fact, 
comes out very badly, for in the section on breeder reactors, 
Dounreay is not even mentioned although EBR2—construction 
of which has just started—is treated as though it were already 
in operation. If a second edition is called for—as it certainly 
should be—these points should be rectified. 

A commendable feature of Nuclear Power Engineering are 
the questions at the end of each chapter. These are not just 
mathematical exercises but a thought-provoking quiz game. 


Shorter notices 


Concise Encyclopedia of Atomic Energy Ed. Frank Gaynor 5} in. 
by 83 in. 204 pp. London 1957: Peter Owen. Price 37s. 6d. 


The best that can be said about this is that when it was first 
published in the United States in 1950 it was probably very 
good: today, in the post-Geneva nuclear world it is simply not 
good enough. People like Fermi and Einstein are entered as 
still alive, a catalogue of US reactors dates from 1949 and im- 
portant reactor concepts such as buckling, neutron diffusion 
and slowing down length are not mentioned at all. Never- 
theless the book could form the basis of a useful reference 
work but needs a complete revision. 


Fyzika Deleniya Atomnikh Yader (The physics of nuclear fis- 
sion) Moscow 1957: Atomizdat 


This is a collection of reprinted articles from the Soviet journal 
Atomnaya Energiya. It includes twelve contributions on various 
fission questions. 


Atomic Power for Peace Vol 3. Radioisotopes and Tracers in 
Industry, Agriculture and Medicine. W. J. Vogt. Johannesburg 
1957: English Electric Co of South Africa (Pty) Ltd, Unitas 
Building. 42 Marshall St, PO Box 2387 


The first edition of a volume in a series to include uranium, 
reactors, isotopes, accelerators and a glossary, the present 
book is a well conceived and tautly written introduction to a 
wide subject. Duplicated, but well bound and illustrated, the 
book is evidently written for the non-specialist but a certain 
amount of general scientic background would certainly be 
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useful. In printed form Atomic Power for Peace Vol 
would certainly prove a useful addition to the literature. 


British Nucleonic Instruments 1957. London 1957: Scientific |; 
strument Manufacturers Association, 20 Queen Anne St, W 
Price 10s. 6d. 


The fourth edition of SIMA’s well-known guide to nucleonic 
instrumentation appears with a new title and new format. The 
57 member firms of the Nucleonics Group have cooperated 
to give the reader a summary of their products and details of 
some of the more interesting ones. 

In a foreword, Sir John Cockcroft pays tribute to the British 
instrument industry and to the way it has taken over the early 
development work done at Harwell. Britain, he declared, can 
now claim a range of nuclear measuring instruments and 
accessories of proved design second to none in the world. The 
volume also includes some useful technical data. 


Publications received 


Automatic Regulators and Stabilizers—Catalogue S-574. More 
than a mere illustrated price list, Claude Lyons’ latest publica- 
tion includes full technical descriptions, specifications and per- 
formance characteristics of their products described in the title 
Of particular interest are the BAVR-E series of automatic volt- 
age stabilizers giving control to plus or minus 0-15 pct. There 
is also a new type of high-speed automatic voltage regulator 
-type TCVR—which uses thyratrons instead of relays. These 
units are suitable for input to computers and _ business 
machines. Claude Lyons Ltd, Valley Works, Ware Rd, Hod- 
desdon, Herts 


Metal Degreasing by Trichlorethylene. Booklet gives full de- 
tails of process. Imperial Chemical Industries, Millbank, Lon- 
don, SWI. 


Caposite Moulded Thermal Insulation Materials. Specifications 
and technical data on amosite asbestos thermal insulation 
materials suitable for boiler ducting etc. Cape Asbestos Co 
Ltd, 114-116 Park St, London, W1. 


Irradiated Polythene Tape. Technical report gives specification 
and properties of new product from TI's research laboratories. 
Three grades now available, suitable for packings, wrappings 
and electrical applications. Tube Investments Ltd, The Adelphi. 
London, WC2. 


‘Somerford’ transformers and chokes. Loose-leaf catalogue 
gives full details and prices. Most items available * off-shelf. 
Gardners Radio Ltd, Somerford, Christchurch, Hants. 


Quasi-Arc Welding News No 4 includes article on welding 
Dounreay Fast Reactor containment sphere. Quasi-Arc Ltd. 
Bilston, Staffs. 


Engineering for Atomic Power. An attractive brochure describ- 
ing their considerable achievements in the building of atomic 
power plants in the United States, the best known of which 
is Oak Ridge National Laboratory. Stone and Webster Engin- 
eering Corporation, 49 Federal St, Boston, Mass. 


Universal Electronic Batching Counter is described in leaflet 
from Atkins, Robertson & Whiteford Ltd, Industrial Estate. 
Thornliebank, Glasgow. 


Two new product specifications—strip chart temperature re- 
corder (E57-8), electrical control station (E75-4) have been 
issued by Bailey Meters and Controls Ltd, 153 Moorgate, 
London, EC2. 


Measuring Equipment is subject of new catalogue from The 
Wayne Kerr Laboratories Ltd, New Malden, Surrey. 


Baldwin Fluid Power—comprehensive catalogue gives full de- 
tails of pneumatic and low pressure hydraulic equipment. 
Baldwin Instrument Co Ltd, Brooklands Works, Dartford. 
Kent. 


Fibreglass R50 air filter units are described in new leaflet. 
Fibreglass Ltd, Ravenshead, St Helens, Lancs. 
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United Kingdom 

The following reports have been made available to the 
public by the United Kingdom Atomic Energy Authority. 
They may be borrowed or photocopies obtained from the 
Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, 
and the Central Libraries at Acton, Birmingham, Bristol, 
gston-upon-Hull, Leeds, Liverpool, Manchester, 
Newcastle-upon-Tyne and Sheffield. They are also 
deposited in the Copyright Libraries (i.e. British 
eum; University Library, Cambridge; Radcliffe 
ence Library, Oxford; National Library of Scotland, 
dinburgh; National Library of Wales, Aberystwyth) and 
n the Patent Office Library. Reports marked * may be 
urchased from Her Majesty's Stationery Office. 


Reports are also available in the United States, from the 
AEC depository libraries, a list of which will be found 

n NUCLEAR SCIENCE ABSTRACTS. Reports for sale may 

be purchased in the United States from: Sales Section, 

British Information Services, 30 Rockefeller Plaza, New 
rk 20, N.Y. 


AERE Harwell 


Proceedings of the Tripartite Confer- 
ence on Cross-sections of Fissile Nuclei. 
J. J. Pattenden, ed. (Jan 21, 1957. 95 pp) 
AERE NP/R 2076 (Rev) 21s 3d* 

Table of consistent nuclear data for 
U-233, U-235 and Pu-239 for 2200 m/sec. 
neutron. P. A. Egelstaff, K. W. Morton, 
J. E. Sanders. (1957. 9 pp) AERE NP/R 
2140 Is 9d* 

Fuel recycling in equilibrium thorium 
single region thermal reactors. J. J. Syrett, 
J. A. Dyson. (April 1, 1957. 20 pp) AERE 
R/R 2167 

Studies on the occurrence of undamped 
oscillations in a circulating liquid metal 
fuel reactor. J. J. Thompson. (Feb, 1957. 
10 pp) AERE R/R 2192 2s* 


~ 


moe 


-_ 


Physics of heterogeneous, light water 
moderated reactors. A bibliography of 
published and unclassified report litera- 
ture. A. Potter. (Jan, 1957. 24 pp) 3s 6d* 


Industrial Group 


The sampling of carbon dioxide under 
pressure prior to the determination of 
oil (March 8, 1957. 5 pp) IGO-AM /W-77 
The determination of total dissolved 
solids and total suspended solids in 
natural, treated, boiler feed and boiler 
waters. (May 28, 1957. 4 pp) IGO-AM 

W-85 

The determination of the total hardness 
of boiler water (titration with soap solu- 
tion). May 28, 1957. 4 pp IGO-AM 

W-86 

The determination of total dissolved 
solids in boiler waters (specific gravity 
measurement). (May 28, 1957. 3 pp) IGO- 
AM/W-87 

The determination of alkalinity in natural 
in natural water, boiler feed water and 
treated water. (May 28, 1957. 3 pp) IGO- 
AM/W-88 

The determination of alkalinity in boiler 
water. (May 28, 1957. 3 pp) IGO-AM 

W-89 

The determination of calcium and mag- 
nesium hardness in natural, treated, 
boiler feed and boiler waters (EDTA 
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titration). (May 28, 1957. 5 pp) IGO-AM/ 
W-90 

The determination of trace amounts of 
calcium and magnesium hardness in 
natural, treated. boiler feed and boiler 
waters (EDTA titration). May 28, 1957. 
5 pp) IGO-AM/W-91 

The determination of boron in methanol 
distillates arising from boron separation 
procedures (curcumin - oxalic acid 
method). (May 21, 1957. 7 pp) IGO-AM / 
W-92 

The determination of boron in methanol 
and in methanol distillates arising from 
boron separation procedures (curcumin- 
chlorophenol method). (May 27, 1957. 
7 pp) IGO-AM /W-93 

The determination of the surface lead 
and cadmium contamination on stainless 
steel tubing (polaragraphic method) 
(May 5, 1957. 5 pp) IGO-AM/W-94 
Some elevated temperature hardness 
measurements on magnox C alloy. D. 
Shaw, P. N. Sherratt. (May, 1957. 11 pp) 
IGR-TN/W-513 

The oxidation of uranium in argon con- 
taining traces of oxygen. D. Shaw, P. 
Hindmarch. (April 1957. 11 pp). IGR- 
TN/W-517 

Information bibliography: heat transfer 
in static granular beds. E. McCoy, A. J. 
Townsend. (May 1957. 5 pp) IGRL-IB/ 
CA-23 Is 6d* 
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The following changes in the board of 
The Cape Asbestos Co Ltd = are 
announced: chairman Mr Robert Walker 
retires on August 31, Mr Giles Newton, 
deputy chairman and managing director 
becomes chairman and Mr R. H. Dent 
and Mr T. C. Hale are appointed joint 
managing directors. Mr T. Muir Warden 
has been appointed a member of the 
board. 


Mr J. F. Herbert has been appointed to 
the newly created post of manager, over- 
seas atomic projects, with the English 
Electric Company. He has also been made 
a director of the English Electric Export 
and Trading Company. 


Mr T. C. Cleveland has been appointed 
acting manager, Export Department with 
E. K. Cole Ltd, he was formerly export 
shipping manager. 


Mr E. B. Moss, technical director of 
Smiths Aircraft Instruments Ltd has re- 
signed and his post will be filled by Mr 
C. G. Roberts, who was previously direc- 
tor of reasearch at Cheltenham. 

The CEA have appointed Mr P. W. Cash 
to be system operation engineer at Head- 
quarters. He was previously system de- 
sign and development engineer. 


Travelling in Expandite interests are Mr 
A. E. Potter, director, who is visiting 
Australia, New Zealand and India. and 
Mr J. Masterson, overseas technical re- 
presentative who is to visit Libya, Belgian 
Congo and the Central African Federa- 
tion. 

Mr P. W. Faulkner, OBE, general man- 
ager of the Chemical and Metallurgical 
Division, The Plessey Co Ltd has been 
appointed an executive director of the 
company. 

The board of Holloway Bros (London) 
Ltd, building and civil engineering con- 
tractors has been reorganized as follows: 
Mr E. C. Uren has been appointed chair- 
man, Mr W. J. Johnson, deputy chair- 
man and Mr P. W. E. Holloway, manag- 
ing director. 

Philips Electrical Ltd (Industrial Divi- 
sion) announce the appointment of Mr 
J. B. Neesam as filtration engineer and 
representative for the north east region. 

Mr J. O. V. Christian has been appointed 
to the newly created post of Product 
Manager at Remington Rand Ltd. 

Mr W. A. Flint has joined The Drayton 
Regulator & Instrument Co Ltd as publi- 
city manager. Mr Flint was formerly 
with Electrothermal Engineering Ltd. 
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PATENTS 





Reactor flux measurement 


780,219 Improvements in nuclear reactors 
provided with a neutron flux measure- 
ment device. Commissariat a |’Engergie 
Atomique. Appn: May 17, 1954 (in 
France). Pubd: July 31, 1957 


Measurement of low level neutron flux 
in a reactor is difficult partly because of 
gamma emission following shut-down, 
and partly because the measuring appar- 
atus has to be so near the reactor that 
it is liable to be destroyed when the re- 
actor starts up again. This invention aims 
to overcome these drawbacks by inter- 
posing between the core and the mea- 
surement device, which may be of any 
type, a shield, preferably of bismuth, 
which has a high mass coefficient for 
gamma rays, low neutron cross section 
and does not cause secondary gammas. 
For nermal operation, when flux levels 
are high, a retractable shield can be in- 
terposed between the bismuth shield and 
the reactor. This must have a large neutron 
cross section and must give rise to prac- 
tically no secondary gammas. Boron is 
the preferred material for this. The mea- 
suring instrument has two calibrations 
corresponding to the two positions of the 
retractable shield. 


Lithium isotope separation 


770,252 Improvements in or relating to 
nuclear reactors Metallgeselischaft Akti- 
engesellschaft, and Deutsche Gold- und 
Silber-Scheideanstalt Vormals Roessler. 


Appn: June 1, 1954 (in Germany) Pubd: 
March 20, 1957 


The thermal properties required of a 
heat transfer medium for reactors are 
high specific heat and thermal conduc- 
tivity, low density and viscosity, low 
vapour pressure, high boiling point, and 
a capacity for absorbing and dissipating 
considerable quantities of heat without 
developing high pressure. No substance 
has optimum values of all these properties 
but lithium compares very favourably 
with all others. Lithium is also a good 
moderator and its radioactive isotopes 
have very short half lives. However, 
natural lithium contains 7% Li-6, which 
has a very large absorption cross section 
for thermal neutrons, This invention pro- 
vides a transfer medium containing sub- 
stantially less than 7°% of Li-6 and sug- 
gests that at 0-03% by weight, the 
medium has neutron absorption compar- 
able to sodium. 

Apparatus suitable for reducing the 
Li-6 content consists of two graphite 
electrodes in a U-tube filled with fused 
lithium chloride at 650°C, with tightly 
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packed quartz powder between the 
cathode and anode spaces to serve as a 
diaphragm. A current density of 9 amps 
sq cm is passed through. Chlorine is 
given off at the anode and removed, and 
chlorine is introduced into the cathode 
space. Lithium chloride with a reduced 
Li-6 content is obtained in the anode 
space, while the lithium in the cathode 
space is enriched with Li-6. 


Calder fuel element 


779,408 Improvements in or relating to 
nuclear reactors. United Kingdom Atomic 
Energy Authority (inventors: R. V. Moore 
and G. Packman). Appn: May II, 1954. 
Pubd: July 17, 1957 

As in now well known, the charge in a 
Calder Hall fuel element channel con- 
sists of six magnesium-canned uranium 
bars stacked one above the other: this 
patent gives more details. A basic idea 
of the invention is the preferential cool- 
ing of parts of fuel element cans which 
are subject to high gravity stresses from 
the vertical stacking arrangement. This 
allows a higher temperature and greater 
output. 
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779,408 HOW THE CALDER ELEMENTS STACK 
uranium rod 1-15 in. dia, 40 in. long 

in. dia magnesium alloy can with single 
start helical fin 4 in. pitch, vy in. thick 
end cap, argon-arc welded to can 
3-legged — 
conical Mg boss 
lower magnesium oxide disk } in. thick 
upper magnesium oxide disk 4} in, thick, plain 
Note lower oxide disk is screwed with a span- 
ner socket and knife edge to bite into can— 
upper one is plain 


Nauwaw ~~ 


Construction of the elements and 
stacking arrangements can be seen in the 
diagram. Build up of heat by conduction 
from element to element is induced by 
the inclusion inside the cans of a dish 
of magnesium oxide. In this way the 
parts of the fuel cartridges subjected to 





high stresses are kept at relatively lo 
temperatures. Various minor alternativ : 
arrangements are included in the spec 
fication. 

It should be noted that recently, owiny 
to the so called ‘Cottrell creep, it was 
found that the lower elements at Calde 
were tending to bow in the middk 
According to Sir Christopher Hinton, this 
has been cured by fitting some kind ot 
additional spider in the centre of the 
affected elements. 


An historic pile 


779,134 Improvements in or relating to 
nuclear reactors. United Kingdom Atomic 
Energy Authority (inventors: F. W. Fen- 
ning and R. F. Jackson). Appn: March 25 
1952. Pubd: July 17, 1957 


Very long and detailed, this is the full 
specification for Harwell’s famous air 
cooled reactor BEPO which first went 
critical in 1948. Since the date of appli- 
cation is nearly four years after the pile 
first went into operation the specification 
represents it in actuality. these being only 
one claim. 


Fuel charging at Calder 


772,702 Improvements in or relating to 
fuel element charging/discharging gear 
for nuclear reactors. United Kingdom 
Atomic Energy Authority (inventor: E 
Long). Appn: June 9, 1955. Pubd: Apri! 
17, 1957 


In the Calder Hall reactors, to reduce the 
number of standpipes through which fuel 
is loaded into the 1,696 core channels 
the latter are grouped in 16’s with a 
single charge tube serving each group 
Since the elements thus approach the 
channels obliquely, means have to be 
provided to guide them in without dam 
age to the graphite core or the element 
The devices used at Calder to do this are 
known as charge guides or pans and this 
is the patent covering them. 

The guide is a nodular iron casting 
with a 4 x 4 array of tapered holes cor 
responding with a fuel channel group 
The holes are 11 in. long and taper from 
5 in. to 5-92 in. dia. Support of the 
guides on the top of the graphite core 
is at three points since thermal move- 
ments of the blocks are to be expected 
during the reactors’ lifetime. Location is 
centred on a 17th channel at the centre 
of the guide which serves the control 
rod hole and which also receives the 
snout of the charging maching The 
tapered holes of the charge pan are each 
fitted with an entry for the burst slug de- 
tection gear ‘sniffer’ pipes. It is stated 
that these guides weigh 600 Ib. 


Stationery Office Complete specifications may be obtained 
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BRADWELL will use SHELL 


\ 


\ Atomic 


\ 


\ 


\ 
\ 
\ 


Power 
Lubricants 


\ At their Thornton Research Centre, Shell have 

carried out long-term experimental work using 
\ their own cobalt source of irradiation. 

Calder Hall has provided practical experience 

of working conditions. The result is a range 

of Atomic Power Lubricants* which will be used 

at the new Bradwell Nuclear Energy Power Station 

operated by the C.E.A. This range is now 

available to the whole Atomic Power industry. 






QZ 


* The Shell A.P.L. Range is another 
proof of Leadership in Lubrication. 
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UBLISHED 


by 


Nuclear Power 





The First and only Year Book and Buyers 


Guide to the British nuclear industry 


contents include... 


FOREWORD by Lord Mills, Minister of 5 ISOTOPES The most comprehensive table 

Power ever published, lists every known nuclide. 
Other articles cover whole field of isotope 
techniques 


9 REVIEW ARTICLES Current trends in 
applied atomic energy reviewed authorita- 
tively by experts in twelve outstanding 


6 COMPANY ADDRESSES Details of prac- 
tically every British firm working in nuclear 


articles energy 
7 BUYERS GUIDE Classified listing by pro- 
ducts of all that is manufactured by the 
A WORLD AUTHORITIES History, organ- British nuclear industry 
ization and programme of 50 national and 
international atomic energy bodies g TRADE NAMES Products sold under 
registered titles 
4 TECHNICAL DATA _ Nuclear constants, WHO’S WHO Biographical details of the 
fission data and other useful information leading men in British nuclear energy 


OVER 500 PAGES 


PRIGE United Kingdom £2.2.0 plus 1/- for postage and packing 
US and Canada $8 plus 50c 
other countries £3.3.0 plus 1/6 


ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, W.1, MUS. 8252 
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The bi-monthly review of CISE (the Information Centre 
for Studies and Experience) 


This journal covers all important developments in the 
field of nuclear technology in Italy 


energia 


nucleare ORIGINAL RESEARCH PAPERS are published in English. 


To keep abreast of trends in Italy you should read 
Energia Nucleare 








Subscription rate per annum 45s 








Subscription to sole agents 
ROWSE MUIR 
PUBLICATIONS LTD 
3 Percy Street, London, W1 














CARGOCAIRE LIMITED... 


. are specialists in Dehumidification plant for 


Marine and Industrial uses and standard units are 











available to suit any requirements. 


Enquiries for all types of atmosphere control plant are invited 
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CARGOCAIRE LIMITED 
39/41 NEW BROAD STREET «+ LONDON © E.C.1 
: Telephone: LONdon Wall 6581 Telegrams: Cargocaire Stock London 
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ELLIOTT REACTOR COMPUTERS AND SIMULATORS 


simulator fo 
Training Reactor Engineers 


SIMULATES DIFFERENT TYPES OF 
REACTOR BY SWITCH SELECTION 


















LINEAR OR LOGARITHMIC 
RECORDING OF REACTOR POWER 


























————— 
POWER AND CHOPPER STABILISED 
PERIOD TRIP COMPUTING AMPLIFIERS 
SETTINGS 

nana 





MANUAL OR 








CONTROL AND 
AUTOMATIC 
INDICATION OF 
CONTROL 
SHUT-OFF RODS 
SYSTEMS 








[ ooeneenEnEERnnnEeeeme 


Elliott Reactor 


Simulator 
Type NDI81 
iJ 
Ria] Ra EY 
KUNG) $d VS 
The Elliott range of reactor computers and simulators also RO ae ae = 
includes Reactor Computer Type ND115 and Nuclear Power 3 os a 


Station Computer Type ND111 (illustrated right) for design 


Studies of a reactor and nuclear power station respectively. 


CONSULT 3 | L @) TT FOR THE 


INSTRUMENTATION AND CONTROL OF NUCLEAR ENERGY 


ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON, S.E.13. TELEPHONE: TIDEWAY 1271 
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on site | 


mobile teams and equipment providing | : 
metal polishing | 
welding — metal spraying 


shot blasting services ot 





Enquiries invited for Atomic Energy Development Sites 


send for brochure to: 


STAINLESS EQUIPMENT CO. (METAL FINISHERS) LTD 


72, De Beauvoir Crescent, 
LONDON, N.1. 


( M.O.S. approved ) Telephone : Clissold 4141, Bishopsgate 0707 














REACTOR CHARGE TUBES al 
FOR ATOMIC | 
POWER STATIONS 


The Unit Superheater and Pipe Company | imited, 
as sub-contractors to Whessoe Ltd., supplied the 
reactor charge tubes for station ‘A’ at Calder Hall. 
Further sets of charge tubes are also being made 
for Calder Hall ‘B’ station and Chapelcross. 





In accordance with Lloyds’ requirements, each 








weld is subjected to a radiographic test. The total Cour: 
number of films required to cover the welding 
on the eight sets of tubes for both these projects 
will be 14,000. 
‘Unit’ have been further entrusted with the supply 
of reactor tubes for the new station at Bradwell. Folle 
The Unit Superheater and Pipe Company Limited, fabricators of pipe- 
work for modern high pressure and temperature steam conditions, are 
also able to offer a complete radiographic service, using either radio 
active isotopes or X-rays. 
THE UNIT SUPERHEATER AND PIPE 
co. LTD - UNIT WORKS 
SWANSEA 
Telephone: Swansea 54091 (6 lines). 
Telegrams: ‘Superunits’, Swansea. Telex: 48-208 
a 
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PRESSURE FULLY 
DEVELOPMENT AUTOMATIC 
& FROM YOUR 
PRESSURE OWN AIR & 
TESTING LIQUID SUPPLY 


 Rrethssom of the Ar EX Ef YDEROP Gm PP 


ALSO AVAILABLE IN MANY OTHER DESIGNS FOR VARIOUS PRESSURES AND REQUIREMENTS Full Details on Application 
GHARLES 3. MADAN & CO. LTD. 
VORTEX WORKS BROADHEATH ALTRINCHAM 


Phone: ALT 2702 (3 lines) Grams: VORTEX 











WORK HANDLING 
EQUIPMENT 
for welding 


OPERATOR’S PLATFORMS 
CYLINDER ROTATORS 
POWERED POSITIONERS 
Courtburn Variable Speed Positioners for circumferential CLAMPING MACHINES 
welds being constructed in our Bedford works 
WELDING PLATENS 
COMPLETE AUTOMATIC WELDING SCHEMES DESIGNED AND SUPPLIED 


Follow the example of dozens of the leading engineering firms—choose Courtburn equipment 


SALES DIVISION, GOLDINGTON BURY, BEDFORD 
Telephone: 4587-8-9 





Catalogue gladly sent on request 





OURTBURN 


eo 2s!) Teo ME RS LIMITED 
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The Manning-Carr P.53C 


SF IN 


MINIATURE 
POLARISED RELAY tf 


In dust-proof heavy gauge anodised 
aluminium can mounted on BIA 
base for plugging in. 
(P53 original open non-plugging 
version still available.) 
PS3C BIASSED TO EITHER SIDE 
P57 C/CS CENTRE STABLE 

ALL TYPES FITTED WITH 
PLATINUM CONTACTS WHERE SPECIFIED 


Pe ee ee ae ae ae ae ae ee ee ee ee 







Data_a Sensitivity of 25 milli-watts 
and capable of handling mains voltage on 
the contacts with alternating currents up 
to 0.25 amps. Being polarised they have 
the advantage that the armature contact 
on P53 and P53C models can be biassed to 
lock in either direction by suitable 
adjustment of the contact screws which 


Actual 
Size 


. 

a 

4 

' 

a 

‘ 
1 POST OFFICE 

provides a useful facility where pulse | 

operation is required. Speed of operat- § TYPES 

ion is high and the Relay will follow 4 3,000 & 600 RELAYS 

frequencies appreciably higher than 

50 c.p.s. Resistance up to 7,000 ohms : TO SPECIFICATION 
a Tropicalising, impregnating 
4 
' 
i 


which is acceptable for Anode circuits. 
and Services jungle finish if 


Alternatives to specification if required. 
Sole Concessionnaires. required. Delivery 3-4 weeks. 





HM Govt 


ntracto 


L. E. SIMMONDS LTD. 


5 BYRON ROAD HARROW na ee Oe Oe 


MR § 





Qeen the lates 


If you want to keep up-to-date on 
welding, you cannot be without “SIF-TIPS”. 
Published quarterly, it gives you all the 
latest news on Sif bronze welding rods and processes 
and answers the kind of problems you are 
meeting every day. To 
receive the magazine free 
of charge, fill in the 
coupon below. If applying 
on behalf of a company 
or organisation, please 
state the number 
of copies required. 








ee ee 
THE EDITOR, “SIF-TIPS”, | 
SUFFOLK IRON FOUNDRY 
| 1920) LTD., STOWMARKET, | 
SUFFOLK. | 
| | 
| _—— m 99 
, Please send regularly copy copies of “SIF-TIPS. 
| | 
| NAME l 
| ADDRESS | 
| nPRr_ | 
a ee 
ASO 















Designed to Customers Requirements 


orifice 0.04 in. upwards 
* 
any pressure 
* 
normally open, normally closed, 
or three-way 
* 
direct acting or relay acting 
* 
any liquid or gas 
* 
up to 300° C. 
* 
standard, flameproof or intrinsically safe 


Write for cata!ogue 


YDRAULICS “LTD 


WwW A R R ‘ N G TO N Phone: Warrington 3524! 





HIGH-PRECISION MACHINE -TOOLS 


TOOLROOM-RESEARCH 
PRODUCTION 





We specialise in Con- 
tinental High-Precision 
Machine-Tools and 
Measuring Equipment. 
Built by Swiss Craftsmen 
to the highest standards, 


our wide range covers:— 


Lathes 

Milling Machines 
Drilling Machines 
Grinders 
Jig-Borers, etc. 


+ + + + 


May we invite your enquiries ? 


‘enehinn 


equipment 
am limited 


|PoprrereveveveererrerVOrMON LL 








4 GRANGE ST. - ST. ALBANS, HERTS - Tel: ST. ALBANS 56731/2 
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Most 
Uncommon 
Glay 


AEROX Industrial ceramics have properties of 
strength, uniformity of pore size and variety, of shape 
and dimension which commend them to many in- 
dustries. They could probably help you. 

Would you like to know more? 


Filter Elements 

Electrolytic Diaphragms 

Aerators 

Diffusers with Ebonite Plastic or Metal 
Fittings 

Air & Gas Filters for pressures up to 
7000 Ibs. per sq. in. 

Carbon Adsorber Filters 
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LEADERS IN A SPECIALISED FIELD 
Ceramics Works, Hillington, Glasgow S.W.2. 
Telephone: HALfway 4615/6 


Engineering Works, Crompton Way, Crawley, Sussex. 
Telephone: Crawley 25077 
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angular motion faithfully transmitted 


@ Light Series Universal Joints are available in 
special designs for aircraft use, made in light 
alloy to Spec. L.40 anodised, with hardened ground 
steel trunnion pins, cadmium plated. They are 
designed with shank diameters to suit bore of stand- 
ard aircraft tube and will withstand moderate ten- 
sion or compression loads. Made in a wide range of 
sizes, they can be supplied with covers as required. 
Patent Universal ball 

» Joint combines high 
load capacity, simplicity of 


design and 92-98°, efficiency. 
(N.P.L. certified.) 


Hooke’s Type Universal joint 
is suitable for high speeds 
and is inexpensive to fit. 


Grease Retaining 
Covers are available for 
all types and sizes of joints. 





Air Ministry Gauge Test House Authority 89755/31 


THE MOLLART ENGINEERING CO. LTD. 


KINGSTON BY-PASS - SURBITON - SURREY * ENGLAND 
TELEPHONE: ELMBRIDGE 0033-7 (5 lines) TELEGRAMS: PRECISION, SURBITON 


AS! 




























Laboratory ball mill 
& mixer SCINTILLATION PHOSPHORS 


introducing 


PLASTIC PHOSPHOR NE 102 

Our new plastic scintillator possesses extremely high light 
output (60/65°% anthracene) and combines superior per- 
formance with greatest economy. Available in any shape up 
to 400 Ib. mass or in thin sheets for alpha and beta ray 
counting (bulletin 11). 


BORON POLYESTER PLASTIC SCINTILLATOR 

NE 400 and NE 401 

This new composition in the form of thin discs of various 
diameters, gives excellent efficiency for neutron counting 


combined with remarkable neutron to gamma _ response 
A useful laboratory unit for either ball milling or ratios (bulletin 13). 


mixing. Arranged with two rotating tables and Available with enriched boron (NE 401). 


designed to carry two 2-pint pots clamped to the OTHER NEW PRODUCTS 


tables. Can be operated either in a normal ball me ane ‘ ial 

ei oe @ Loaded liquid scintillators in bulk or encapsulated. containing Pb, 
milling position or off-set at an angle to the hori- Gd, B, or Cd, and scintillation gels for efficient internal counting 

: , nai : of suspended materials (bulletins 9 and 9A). 
zontal axis of the mill. The off-set position imparts Stn ia : 
: ; Ae. 2 @ Scintillation chemicals P.B.D. POPOP, T.P.B. p-terpheny!, PPO, 

a rolling figure-eight motion providing a simple but D.P.H. alpha-N.P.O., etc (bulletin 10). 
efficient mixer for small quantities. @ Light pipes of polyvinyltoluene and polystyrene, 
@ Non-blocking double-line linear pulse amplifier NE 5202 ( Fairstein 
type). 


BULLETIN 12 GIVES COMPLETE TABLE OF PHYSICAL CONSTANTS 
OF THESE AND OTHER SCINTILLATORS 


NUCLEAR ENTERPRISES 
(G.B.) LIMITED 


Bankhead Medway, Sighthill, Edinburgh 11, Scotland 
Telephone: CRAiglockhart 4513 


Associate Company : 
Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg, Canada 



















































THE PASCALL ENGINEERING CO. LTD. 
GATWICK ROAD - CRAWLEY - SUSSEX. 


CINTILLATORS 


CRYSTALS 


Anthracene and Stilbene in discs and cylinders. 


PLASTIC 
Naton 11—a new, high efficiency, glass clear 
scintillator. 











POROUS METAL 











N. 11 - X ray—a new, high efficiency, X ray PACK TYPE 
scintillator. hich t 
i ressure 
LIQUID Ae prov 
Bottled or encapsulated ready for use. FILTE RS _— 
or in “Scintipaks’”—ready mixed for making up as 
required. OR use in high pressure hydraulic systems, 1 
in test rigs and similar applications, we 
CHEMICALS manufacture a comprehensive range of first- 
Highest scintillation quality for experimental work. class Filters. 
The standard range comprises sizes from 
fractional to 2” bores, with caps. from 60 to 
TT 2,000 g.p.h. and w.p. up to 6,000-Ib. p.s.i. 
WRITE FOR FULL DETAILS TO Other sizes made to order. 8. 
We seek your enquiries, and offer new 
N h d Th Catalogue in post. V 
ash and Thompson . 








Limited FIRTOP WORKS, STOKE HEATH, 
BROMSGROVE, WORCS 


Tel: BROMSGROVE 3246/7/8 


G.& A. FIRKINS LTD. / 


FIRTOP 


OAKCROFT ROAD, CHESSINGTON, SURREY, ENGLAND. 


Telephone : Elmbridge 5252 Pbx. Cables ‘‘Nashton” Chessington. 
WHG/NTS7 
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STANDBY 
GENERATING SETS 
with automatic starting 
FOR ATOMIC 
POWER STATIONS 





Within a few seconds of receiving the 
starting signal and without manual attendance, 
these Mirrlees oil-engine sets will carry full load, 
providing a reliabl2 auxiliary and standby supply for 
atomic power stations and other installations where 
it is essential to forestall breakdowns and serious 
loss due to cessation of mains power supply. 

The Mirrlees J and JV Types of engine cover a 
comprehensive series including 3, 4, 5, 6 and The power range extends from the 
8-cylinder in-line engines and 12 and 16-cylinder 


210 BHP J3 three-cylinder naturally aspirated 
vee-form engines. All can be offered in naturally 


aspirated or turbocharged form, the latter with or up to the 2272 BHP JVSS 16 sixteen-cylinder 


) without air aftercoolers. turbocharged engine with air aftercooler. 


MIRRLEES, BICKERTON AND DAY LIMITED 
HAZEL GROVE -: STOCKPORT -: CHESHIRE 


A member of the BRUSH Group 
(14 lines) Telegrams: 


~~ 
w 
~“ 





Telephone: Stepping Hill 3841 “‘Mirrlees Telex, Manchester’’ 














CLASSIFIED ADVERTISEMENTS 


RATES Classified advertisements are charged at 4s. per line. Semi-display setting £2 per single-column inch. 5% is allowed 
to trade advertisers for six insertions. 10°, for 12 consecutive insertions, Box numbers will be charged Is. extra 
REMITTANCES Cheques and postal orders should be sent to Rowse Muir Publications Ltd with the order for the advertisement 
PRESS DAY Advertisements must be received not later than September 16 for the October issue 
TERMS All advertisements are strictly net and must be prepaid 


HEAD OFFICE All advertisements should be addressed ‘‘ Classified Advertising,”’ 


BOX OFFICE REPLIES NUCLEAR POWER, 3 Percy Street, London, WI 


NUCLEAR POWER, 3 Percy Street, London, W1 





BABCOCK & WILCOX, LIMITED, 
ATOMIC ENERGY DEPARTMENT 


A GRADUATE ENGINEER 


required for design work on 
Reactor Fuel Elements. 
Some knowledge of design in light alloys 
or of heat transfer would be an advantage. 
Write, giving details of qualifications 


and experience, to:— 


The Chief Engineer & Manager, 
Atomic Energy Department, 
BABCOCK & WILCOX, LIMITED, 
209, Euston Road, 
LONDON, N.W.1. 


JOHN 
THOMPSON 


GROUP 





John Thompson Group Research 
NUCLEAR POWER AND STEAM PLANT 


Research and Development Engineers are required to join an 
expanding team now at work in John Thompson’s new research 
centre at Wolverhampton, serving some twenty-three companies 
of the Group. Men with a Degree in Mechanical Engineering or 
Physics or Higher National Certificate are wanted for interesting 
and varied work on General Mechanical Engineering problems, 
particularly stress analysis and heat transfer. They should be 
capable of carrying out complete projects from the design of the 
test apparatus to the writing of the final report. 

Among other important work, the group is currently concerned 
with the building of reactor vessels and complete heat-exchange 
plant for the Dounreay fast breeder reactor station and for one 
of the first commercial nuclear power stations now under con- 
struction at Berkeley. 


Apply, stating qualifications and experience to: 
The Director of Group Research 
John Thompson Limited, Wolverhampton 


AS4 


SITUATIONS VACANT 








BOROUGH POLYTECHNIC, 
Borough Road, S.E.1 


Department of Electrical 
Engineering and Physics 


COURSES IN NUCLEAR 
TECHNOLOGY 


Lecture Courses 
Courses of evening lectures 
by specialist lecturers from 
U.K.A.E.A., Industry and Col 
leges, are held weekly on the 
following subjects : 


NUCLEAR POWER 


Twenty-four lectures commenc- 
ing 10th October, 1957, cover- 
ing basic Nuclear Physics, 
Reactor Theory, and Reactor 
Technology. 


NUCLEONIC CIRCUITRY 
Eight lectures commencing 10th 
October, 1957, covering circuits 
used in nuclear techniques. 


NUCLEAR PARTICLE 
FECHNIQUES 
Fifteen lectures commencing 
27th November, 1957, covering 
Nuclear Instruments, Nuclear 
Techniques and Radio-isotope 
Applications in Industry and 

Medicine. 


LABORATORY COURSES 
Nucleonic Techniques and 
Measurements 
PART-TIME COURSE held on 
Friday afternoons and evenings 
commencing llth October, 
1957, or on Tuesday mornings 
and afternoons commencing 8th 
October, 1957. Courses com- 
prise laboratory work with sup- 
porting lectures on the proper- 
ties of nuclear radiation, 
nuclear techniques and radio- 
isotope measurement and appli- 

cations. 
FULL-TIME COURSES of two 
months’ duration on the same 
subject commence on 14th 
October, 1957, and 14th April. 
1958. 
Leaflets giving further details 
of the above courses can be 
obtained from :— 

The Secretary, 

Borough Polytechnic, 
Borough Road, 
London, S.E.1. 
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)L ESSEY NUCLEONICS LTD. have 
a vacancy fora MATHEMATICIAN 
to inalyse problems concerning the con- 
tro! and operation of nuclear reactors. 
The successful applicant should have a 
degree and an absorbing interest in the 
application of mathematical methods to 
a varietv of problems, as for example, 
information theory and statistics, diffu- 
sion theory, shielding calculations, 
functions of a complex variable or 
servo-analysis. 
This post offers considerable scope for 
original work for which a_ generous 
salary is envisaged, depending upon 
qualifications and experience, Please 
send full particulars, which will be 
treated in confidence, to the Chief En- 
gineer, Plessey Nucleonics Ltd., Weedon 
Road, Northampton. 





PHYSICIST 
required by 


The Atomic Weapons Research 
Establishment, Aldermaston. 
Berkshire 
(in the grade of Experimental 
Assistant Experimental Officer). 

To assist in research into phy- 
sical and mechanical properties 
of high’ explosives. H.S.C. 
(Science) or equivalent is the 
minimum qualification, Candi- 
dates for the Experimental 
Officer post should be at least 
26 years of age and possession 
of a pass degree would be an 
advantage. 

SALARY: 
Officer £940—£1.155 p.a. (male). 
Assistant Experimental Officer 
£375 (at age 18)—£665 (at age 
26 or over)—£815 p.a. (male). 

Contributory Superannuation 
Scheme. A house or assistance 
towards legal expenses on house 
purchase will be available for 
married officers living beyond 
daily travelling distance. 

POSTCARDS for application 
forms to the Senior Recruitment 
Officer at above address. Please 
quote ref. A/1480/215. 


Experimental 





GPECT ROGRAPHER _ required for 

Applied Research Laboratories Euro- 
pean Office, Lausanne, Switzerland. Salary. 
£1,000—£1,200 per annum plus £200 cost- 
of-living allowance. Applicants should 
have experience in the development of 
methods for ferrous and non-ferrous 
materials, and in the statistical interpreta- 
tion of experimental results, together 
with some acquaintance with the prin- 
ciples involved in direct-reading analysis, 
vacuum spectroscopy and X-ray fluores- 


cence analysis. Age preferably 25-35. 
Applications should be made _ to 
APPLIED RESEARCH  LABORA- 


TORIES (G.B.) LIMITED, 69a Victoria 
Street, St. Albans, Herts. 





S< IENTISTS AND TECHNOLOGISTS 
in industry are eligible for member- 
ship of the ASSOCIATION OF SCIEN- 
TIFIC WORKERS, an Association which 
gives a trade union service and seeks by 
all means to raise the status of scientific 
work. Details from the General Secretary, 
= Half Moon Street, Piccadilly, London, 
a § 
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BACK NUMBERS 


We receive repeated requests from 
for 
another, have been unable to obtain 
| copies of the earlier issues of this 


A few copies of issues Nos. 2—9 
and II—I4 are available for those 


who may wish to complete their 


The price per copy is 3/6, including 


NUCLEAR POWER 
3 Percy Street, London WI 


one reason or 








SUB-CONTRACTING 


PUBLICATIONS 





CAPACITY AVAILABLE for Plate and 

Sheet Metal Fabrication, General 
Machining and Erection, Special Machines 
and Prototypes to Customers’ designs. 
Hobbs, Hart and Co Ltd (Telephone 
Leytonstone 1034). 


AST F.D.P. STAINLESS STEEL. 

GLOBE GATE & CHECK VALVES 
600 Ib. WP., flanged ends. Full particulars 
upon application. Write to Foster 
Wheeler Ltd., Foster Wheeler House, 5 
Ixworth Place, London, S.W.5. 


NTRICATE PROTOTYPE WORK, 

jig boring, grinding, etc. Quick de- 
livery, A.I.D. Write for plant list, Porter 
Prototype Engineering Co., Augusta St.. 
Birmingham, 18. 





(THE NUCLEAR POWER YEAR 

BOOK and BUYERS GUIDE — 
the indispensable reference work — is 
now available. Copies can be ordered, 
U.K.: price 42/- plus 1/- postage and 
packing. Overseas: price 63/- plus 1/6 
postage and packing. US, Canada: price 
$8 plus SOc postage and packing, from 
Rowse Muir Publications Ltd, 3 Percy 
Street, London, W1 


FXXTRA COPIES of DATA SHEETS 
and REACTOR DRAWINGS pub- 
lished in NUCLEAR POWER can be 
obtained price 6d. each and reprints of 
the large full colour (36” X 24”) Berkeley, 
Dounreay and RWE Supplements, 2/- each 
post free from Rowse Muir Publications 
Ltd, 3 Percy Street, London, WI. 
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ACF Industries Inc 

Acheson Colloids Ltd 

Adam Machine Equipment Ltd 

AEl-John Thompson Nuclear Energy Co Ltd 
Aerox Ltd 

Air Control Installations Ltd 

Allen, P. . & Co 

Amal Ltd 

Appleby & Ireland Ltd 

Armstrong Whitworth Aircraft Ltd, Sir W. G 
Associated Lead Manufacturers Ltd 
Atomwirtschaft 

Avica Equipment Ltd 

Ayrshire Dockyard Co Ltd, The 


Bailey Meters & Controls Ltd 
Bailey, N. G. & Co Ltd 

Baldwin Instrument Co Ltd 

Balfour Beatty & Co Ltd 

Barnet Instruments Ltd 

Berk, F. W. & Co Ltd, Schori Division 
Blakeborough, J. & Sons, Ltd 
BMB (Sales) Ltd 

Board of Trade 

Boby & Co Ltd, William 

Bridges & Sons Ltd, F. W 

British Acomic News Ltd 

British Ermeto Corp. Ltd 

British Jeffrey-Diamond Ltd 

British LaBour Pump Co Ltd 
British Olivetti Ltd 

British Oxygen Gases Ltd 

British Thomson-Houston Co Ltd, The 
Brooker, W. Jj. Ltd 

Brown & Co Ltd, E. 

Bryce Electrical Construction Co Ltd 
Burndept Ltd 

Butterfield, W. P. Ltd 


Cambridge Instrument Co Ltd 
Cargocaire Ltd 

Cape Building Products Ltd 
Carbon Dioxide Company, The 
Carruthers, J. H. & Co Ltd 
Carter, B. F. & Co Ltd 
Central Electricity Authority 
Chance-Pilkington Optical Works 
Chemical & Insulating Co Ltd 
Chichester Rubber Co Ltd, The 
Cinema-Television Ltd 
Cockburns Ltd 

Cossor Instruments Ltd 
Courtburn Positioners Ltd 
Crossley Bros. Ltd 


Darlington Insulation Co Ltd 
Davenport Engineering Co Ltd 
Davidson & Co Ltd 
Dependable Relay Co 

Dowty Nucleonics Ltd 
Dowty Seals Ltd 

Dynatron Radio Ltd 


Ekco Electronics Ltd 

Electric Furnace Co Ltd 
Electro-Hydraulics Ltd 

Electrothermal Engineering Ltd 
Elliott Bros (London) Ltd 
Endecotts (Filters) Ltd 

Energia Nucleare 

Erhard, Johannes 

Ericsson Telephones Ltd 

Evans, J. & Son (Portsmouth) Ltd. 
Evers, D. H., Insurance 

Extrudex Ltd August 


Fielden Electronics Ltd January 
Firkins, G. & A. Ltd A52 
Fisher & Ludlow Ltd = 
Fleming Radio (Developments) Ltd june 
Fulmer Research Ltd May 


August 
August 
50 


Gardners Radio A32 
Gardner, Henry & Co Ltd A36 
General Electric Co Ltd A23 
General Radiological Ltd May 
Glenfield & Kennedy Ltd June 
Gordon, James & Co Ltd 

Graviner Manufacturing Co Ltd Al4 
Grazebrook, M. & Ltd 

Grindlay & Co Ltd, ¥ 

Gwynnes Pumps Ltd 


Hanovia 
Hargreaves, Henry & Sons Ltd 
Harland ww Go Ltd, The 
Harvey, G. (London) Ltd 
Haworth, ‘Ne i R.C.) Led 
Hayward Tyler & Co Ltd 
Head Wrightson & Co Ltd 
Heather Filters Ltd 
Her Pressure Components Ltd 
ighfield Gear and Engineering Co Ltd 
ger & Watts Ltd 
nite (West Bromwich) Ltd 
Hobson Ltd, H. M. 
Holland Engineering Co Ltd, The B. A 
Honeywell-Brown Ltd 
Howden, James & Co Ltd 
Humphreys & Glasgow Ltd 


Ide Engineering Ltd, C. F. August 
Imperial Chemical Industries Ltd Cover 1 
Industrial Exhibitions Ltd May 
Isotope Developments Ltd August 
IV Pressure Controllers Ltd July 


Jenkinson, W. G. Ltd july 
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Johnstone, Archibald Ltd arch 


KDG Instruments Ltd 
Keith Blackman Ltd 
Kennedy & Co Ltd, Allan 
Kenyon & Co Ltd, William 
Kodak Ltd 


Labgear (Cambridge) Ltd 

Laboratory Apparatus & Glassblowing Co 
Laing & Son, Ltd, John 

Lake & Elliot Ltd 

Lawrie Ltd, J. & T. 

Lee, Howl & Co Ltd 

Lyons Ltd, Claude 


Madan & Co Ltd, Charles S. 
Magnetic Valve Co Ltd 
Mallinson, William & Sons Ltd 
Mancuna Engineering Co Ltd, The 
Marston Excelsior Ltd 
Martonair, Ltd 

MB Metals Ltd 

McGraw-Hill Publishing Co Ltd 
Mervyn Instruments 
Metropolitan-Vickers Electrical Co Ltd 
Miller Ltd, P. L. 

Mills Scaffold Co Ltd 
Mirrlees, Bickerton & Day Ltd 
Mitche.| Engineering Ltd 
Moler Products Lt 

Mollart Engineering Co Ltd 
Morgan Crucible Co Ltd, The 
Mountford (Birmingham) Ltd, 
Mullard Ltd 

Mullard X-Ray Division 

Munro & Miller Ltd 

Murex Ltd 


Murex Welding Processes Ltd August 


Nash & Thompson Ltd AS2 
North British Chemical Co Ltd August 
Nuclear Enterprises (GB) Ltd A52 
Nuclear Graphite Ltd April 
Nuclear Power Plant Co Ltd, The july 


August 


Palatine Tool and Engineering Co (Surbiton) Ltd A34 
Panax Equipment Ltd August 
Pascall Engineering Co Ltd, The A52 
Peabody Ltd 

Philips Electrica! Ltd 

Powell Duffryn Carbon Products Ltd 
Premier Cooler and Engineering Co Ltd 
Pulsometer Engineering Ltd 

Pye Ltd (industrial TV Division) 

Pyrene Co Ltd, The 


Ozonaire Engineering Co Ltd 


August 
Al 


Racal Engineering Ltd 

Rawiplug Co Ltd, The 

Raytheon Manufacturing Co 

RFD Co Ltd (Industrial Safety Division) 
Rockweld Ltd 

Royal Photographic Society, The 


Sangamo Weston Ltd 

Savage & Parsons Ltd 

Shandon Scientific Co Ltd 
Shaw-Petrie Ltd 

Shell Chemical Co Ltd 

Shell Mex & BP Ltd 

Sigmund Pumps Ltd 

Silica Gel Ltd 

Simmonds Ltd, L. E. 

Simpl.fix Couplings Ltd 

Smith, J. & Sons (Clerkenwell) Ltd 
Solartron Electronic Group Ltd, The 
Solus-Schall Led 

Southern Instruments Ltd 

Spencer Chapman & Messel Ltd 
Sperry Gyroscope Co Ltd 

Stainless Equipment Ltd 

Stainless Steel Profile Cutters Ltd 
Steven, A. > oe 

Stewart Aeronautical Supply Co Ltd 
Sturtevant Engineering Co Ltd 
Suffolk iron Foundry (1920) Ltd 
Sunvic Controls Ltd 


Taibot Stead Tube Co Ltd 
Teddington Aircraft Controls Ltd 
Thompson, John Ltd 

Thorn Electrical Industries Ltd 
Tileman & Co Ltd 

Tl Nuclear Engineering Ltd 
Timeg Ltd 

Titanium Metal & Alloys Ltd 
Trollope & Colls 

Turbine Gears Ltd 


Unit Superheater & Pipe Co Ltd 
United Air Coil Ltd 


Vacu-Blast Ltd 
Vokes Genspring Ltd 


Wakefield-Dick Industrial Oils Ltd 
Wandleside Cable Works Ltd 
Ward Ltd, Thos W. 

Weatherfoil Heating Systems Ltd 
Weir, J. Led 

Western Detail Manufacturers Ltd 
Wharton Crane & Hoist Co Ltd 
Whatlings Ltd 

Whessoe Led 

Willan, G. L. Ltd 

Wilson, A. C. & Partners Ltd 
Wolf Electric Tools Ltd 


August 
August 
February 
August 
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All assisted-circulation steam generators (whether nuclear- 
powered or fossil-fuelled) must have circulating pumps. 
Hayward Tyler glandless circulating pumps are designed to 
work continuously in high pressure, high temperature systems 
where no leakage is permissible. They have already proved 
themselves in power stations for the C.E.A. and the U.K.A.E.A., 
and in Eagle Oil tankers fitted with La Mont type boilers. 

HAYWARD TYLER 

& CO. LTD. LUTON ENGLAND LUTON 6820 


LONDON OFFICE SALISBURY HOUSE FINSBURY CIRCUS NAT 
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